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SUMMARY

An experimental investigation of a subsonic round jet injected from a flat
plate into a subsonic crosswind of the same temperature has been conducted in
the Langley V/STOL tunnel. Velocity and pressure measurements in planes per-
pendicular to the path of the jet are presented for nominal jet injection
angles of 45°, 60°, 75°, 90°, and 105° and for jet/cross-flow velocity ratios
of 4 and 8. These velocity measurements were obtained for the purpose of
inferring the properties of the vortex pair that is associated with a jet in
a cross flow. Jet centerline and vortex trajectories are determined and fit
with an empirical equation that includes the effects of jet injection angle,
jet core length, and jet/cross-flow velocity ratios.

INTRODUCTION

A V/STOL aircraft in transition from hover to conventional flight will
encounter an interference effect between the jets providing direct lift and the
aerodynamic surfaces of the aircraft. This jet/aerodynamic-surface interfer-
ence causes a loss of lift and a nose-up pitching moment on specific aircraft
configurations (refs. 1 to 5). One of the important tasks in V/STOL aerodynam-
ics is to develop a quantitative description of jet/aerodynamic-surface inter-
ference effects and their influence on the pressure distribution and aerody-
namic coefficients of V/STOL aircraft.

A reasonable approach to such a complicated problem is to study the sim-
plest configuration that retains the essential features of transition from
hover to conventional flight. The jet/aerodynamic-surface interference problem
has thus motivated numerous studies of a round subsonic jet of air discharging
through a large flat plate into a uniform subsonic cross flow of the same tem-
perature (refs. 6 to 18). One such study has been conducted in an experimental
program in the Langley V/STOL wind tunnel. The primary goal of this program was
to provide experimental information upon which to base the development of models
that would be used to predict the effects of jet/flat-plate interference. Mea-
sured pressures on the flat plate are presented in reference 19 for perpendicu-
lar jet injection over a range of jet/cross-flow velocity ratios from 2 to 10.
Measured velocities in the jet plume are presented in reference 20 for perpen-
dicular jet injection for a range of velocity ratios from 3 to 10. Based on
velocity measurements, a contrarotating pair of diffuse vortices has been iden-
tified as a dominant feature of the flow field. A model for inferring the vor-
tex properties has been developed and utilized to describe the vortex properties
for perpendicular jet injection (ref. 21). A preliminary attempt to utilize the
properties of the vortex pair to calculate the pressure distribution on the flat
plate for a jet/cross-flow velocity ratio of 8 provides good agreement with
experimentally determined lift and pitching-moment coefficients (ref. 22).

The present report extends the study of the jet plume for a round jet in a
cross flow to include the effects of varying the jet injection angle. Velocity



and pressure measurements in the jet plume are presented for jet/cross—flow
velocity ratios of 4 and 8 and for nominal jet injection angles into the cross
flow of 45°, 60°, 759, 90°, and 105°. The velocity measurements of the present
study were acquired primarily for use in a model to infer the properties of the
diffuse vortex pair associated with a jet in a cross flow, and the results have
been presented in reference 23. A detailed description of the equations uti-
lized to describe the jet centerline and vortex curve is provided in appendix A
of the present report. The detailed velocity and pressure measurements in the
jet plume are presented in tabular and graphical form in appendix B.

SYMBOLS

Values are given both in SI Units and U.S. Customary Units. The measure-
ments and calculations were made in U.S. Customary Units.

A area of jet orifice, m2 (ft2)
Aj jet exit area corrected for nozzle boundary-layer thickness, m2 (ft2)

a,b,c,d curve-fitting parameters

D jet diameter, 10.16 cm (4.00 in.)

F function defined by equation (3), cm (in.)

24 length of jet core for 6 = 09, cm (in.)

L9 length of jet core for & = 90°, cm (in.)

M Mach number

R effective velocity ratio, defined by equation (1)

s arc distance along a jet path, m (ft)

Ug jet centerline speed, m/sec (ft/sec) (UC in computer-generated tables)

U5 speed of jet fluid at jet orifice, m/sec (ft/sec)

u_ cross—flow speed, m/sec (ft/sec) (UINF in computer-generated
tables)

W %z component of velocity; denotes component in wind-tunnel system
when no subscript is used, m/sec (ft/sec)

X,Y,Z Cartesian coordinate system; denotes wind-tunnel coordinate system
when no subscript is used (see fig. 1)

X,Y,2 distances along X, Y, and Z axes, m (ft)

T strength of each vortex, m2/sec (ft2/sec)



I:

jet injection angle relative to cross—flow velocity, deg (DELTA in
computer-generated tables and figures)

o} mass density, kg/m3 (slug/ft3)

a standard deviation of points from a curve, cm (in.)

be angle between 2 and 7%, axes (see fig. 5), deg (PHIC in computer-
generated tables)

¢v angle between 2 and 32, axes (see fig. 5), deg (PHIV in computer-
generated tables)

Subscripts:

c refers to jet centerline

3j refers to condition at jet orifice

o) refers to end of jet core

v refers to vortex curve

1 refers to point of reference curve (eq. (3)) where tangent is
perpendicular to X-axis

co refers to cross-flow condition

PHYSICAL DESCRIPTION OF A JET IN A CROSS FLOW

From the numerous investigations of a round subsonic jet injected through

a flat plate into a subsonic cross flow, there emerges a realistic qualitative
description of the flow field. Most of the experiments upon which this quali-
tative description is based are for perpendicular jet injection into the cross
flow, but it should be applicable for the range of jet injection angles studied
in this report.

At the jet-nozzle exit plane, the velocity profile and turbulent intensity

in the jet are characteristic of the jet nozzle. A shear layer exists at the
boundary between the jet and cross-flow fluids, and this layer diffuses into a
highly turbulent mixing region. A core of jet fluid, approximately conical in

shape and maintaining the properties of

the jet nozzle, extends a short distance

from the nozzle exit plane. For a free subsonic jet (no cross flow), this core
extends approximately six jet diameters (ref. 24) before it is eroded, and the
flow becomes highly turbulent throughout the entire cross section of the jet.
If a cross flow is introduced, the length of the jet core decreases with
increasing cross~flow velocity. The flow in this initial region is complicated
by a separation of the cross flow around the jet near the flat plate. This sep-
aration and the resulting wake region are clearly visible from oil-smear studies
on the flat plate (ref. 15).



The jet plume itself is readily observable by flow visualization tech-
niques such as smoke injection (ref, 8). The deflection and decay of the ini-
tial jet of fluid can be detected by total pressure or velocity measurements in
the jet plume. The curve that traces the locations of maximum jet speed from
the terminus of the jet core through subsequent cross sections of the jet plume
is called the jet centerline (ref. 6). This curve can be determined to a loca-
tion where the local maximum of the jet velocity is experimentally indistin-
guishable from the cross—-flow velocity. This occurs 15 to 20 jet diameters
downstream of the jet orifice (ref. 21) for the instrumentation currently in
use (i.e., total pressure and hot wire).

Another feature of the flow field is a pair of diffuse contrarotating vor-
tices which form near the jet orifice and are deflected and swept downstream
along curved paths which lie to either side of the plane of flow symmetry
(y = 0, see fig. 1) and on the concave side of the jet centerline (refs. 9, 10,
and 20). These vortices are more persistent than the other distinguishing char-
acteristics of a jet in a cross flow, and they dominate the flow field for dis-
tances greater than about 10 jet diameters downstream of the jet orifice. The
vortex structure plays a primary role in determining the pressure distribution
on the flat plate (ref. 22). Due to its persistence, the vortex pair has been
observed as far as 1000 jet diameters downstream of the jet orifice (ref. 14).

Some of the pertinent features of the jet plume are sketched in figure 1
for a jet/cross—flow velocity ratio of about 8. The stippled area represents
the plume of the jet as observed by flow visualization techniques (ref. 8).

The flow exhibits mirror symmetry about the plane y = 0. Positions of the jet
centerline and the pair of vortices relative to the jet plume are also indi-
cated. The projection of the centers of the vortices onto the symmetry plane
defines the vortex curve. No attempt has been made in figure 1 to display the
jet core or the separated region near the flat plate.

APPARATUS

The present study reports on the third in a series of experiments conducted
in the Langley V/STOL wind tunnel to determine the velocity field in the plume
of a round jet in a cross flow. The first two experiments were studies of per-
pendicular jet injection through a flat plate into a cross flow. Most of the
apparatus and techniques utilized in the present study were also utilized in
the experiments for perpendicular jet injection and are described in refer-
ence 20, which should be used as a supplement to the present report.

Figure 2 is a photograph of the experimental arrangement for the present
study, which used a new flat plate. The wind-tunnel structure restricted the
installation of the jet plenum to a vertical position beneath the flat plate.
To permit a range of jet injection angles, three deflecting nozzle extensions
were constructed. Figure 3 is a sketch of the jet nozzle and plenum with one
of the nozzle extensions. The extensions were designed to provide 15°, 30°,
and 45° deflections of the jet from vertical and to have mean radii of curva-
ture of 53.8, 25.4, and 16.5 cm, respectively, and a constant 10.16-cm diameter
throughout the bend.



The flat plate is constructed of 0.64-cm-thick aluminum and measures 1.8
by 3.0 m (18D by 30D). It has circular inserts to accommodate the various noz-
zle extensions. The jet-exit plane is flush with the flat plate so that the
exit orifice is actually an ellipse for the deflecting nozzle extensions. Each
nozzle extension can be rotated 180° about a vertical axis to provide jet
deflection upstream or downstream to the cross flow. The center of the jet
orifice for the straight nozzle extension is 11.8D downstream of the leading
edge of the flat plate.

TEST PROCEDURES AND CONDITIONS

The characteristics of the jet exhausting into still air were studied
prior to the wind-tunnel experiment. Total pressure surveys across the jet
exit are presented in fiqure 4 for each of the nozzle extensions. The bound-
ary layer on the 0° azimuth side of the nozzle extensions becomes thinner with
increasing deflection angle, and on the 180° azimuth side, it becomes thicker
with increasing deflection angle. For the 45° nozzle extension, there is evi-
dence of a region of separated flow on the 180° azimuth side of the nozzle
extension. A yaw probe was used to measure the angle of the jet flow at a
point centered in the orifice and at a point on the jet axis one jet diameter
above the exit plane. For both points, nozzle extensions were found to deflect
the flow through angles of -0.4°, 13,69, 28.9°, and 46.5° instead of the nomi-
nal values of 0°, 15°, 309, and 45°, respectively.

Flow-field measurements of velocity and pressure were made with a rake
(see fig. 2) of seven parallel yaw-pitch probes having a 5.1-cm spacing between
probes. Five pressure ports were located on the hemispherical tip of each
probe, with a ring of six interconnected static ports located aft of the probe
tip. A calibration scheme (ref. 20) was used that could compute the flow-field
measurements through large angles (above 45°) relative to the individual probes.
Based on the results of a calibration experiment conducted over an angle range
of +659, it is estimated that errors in determining flow angularity are usually
less than 19, errors in determining airspeed rarely exceed 4 percent, and errors
in determining static and total pressure are usually less than 10 percent of
dynamic pressure. These error estimates are for uniform flow, with flow angu-
larity within the range of the calibration experiment. They do not include the
effects of high turbulent intensity such as are encountered throughout the jet
plume or of large velocity gradients such as are encountered near the jet ori-
fice. No estimates of the errors due to these effects have been made.

Test conditions are described by specifying the jet/cross-flow velocity
ratio and jet injection angle. Early investigators utilized the ratio of jet
velocity to cross-flow velocity as the basic parameter for describing the test
conditions for perpendicular jet injection. This is appropriate under certain
simplifying conditions. 1In general, however, it is the ratio of the momentum
flux across the jet orifice to the momentum flux of the cross flow over an
equal area that is the significant dimensionless parameter. In order to be
consistent with the terminology of early investigations, it is convenient to
define an effective velocity ratio as the square root of this ratio of momentum
fluxes. If the density of the jet and cross-flow fluids is the same and if Uy



is constant over the jet orifice, then

j; 2 1/2
‘g2
A pJUj da

2a.
R

reduces to the ratio of jet velocity to cross-flow velocity. It should be
noted that the reciprocal of equation (1) is used by some investigators and
is usually referred to by the same name.

Other useful equations for the effective velocity ratio R can be
obtained from equation (1). Some of these variations and their application
to the present investigation are discussed in reference 19. For presentation
of results in this report, the appropriate simplification of equation (1) is
R = Mj/Mm. This relationship assumes a jet with a flat velocity profile
expanding isentropically from plenum total pressure to the cross-flow static
pressure. In comparison with the effective velocity ratio, jet Mach number is
a parameter of secondary significance (ref. 19). Hence, both My and M_
have been varied in this report to obtain particular values of R.

Test procedures similar to those utilized in the first two wind-tunnel
experiments of the series were followed (ref. 20). Primary among these is the
acquisition of flow-field data in planes roughly perpendicular to the jet
centerline or vortex curve. Additionally, some special-case measurements were
taken very near to the jet orifice where probe vibration was so severe that guy
wires were utilized to stiffen the probe support system.

The coordinate systems utilized for data acquisition and presentation are
shown in figure 5. A wind-tunnel coordinate system (X,Y,Z) has its origin at
the center of the jet orifice, with the X axis in the direction of the cross
flow and the 2 axis in the direction of the initial jet wvelocity for perpen-
dicular jet injection. Jet centerline coordinate systems (Xo,Y¥o,%s) and
vortex—-curve coordinate systems (XyrY¥y,2y) are Cartesian coordinate systems for
the flow. The angles ¢, and ¢,, denote the rotation about the Y axis of
the centerline and the vortex-curve coordinate systems from the wind-tunnel
coordinate system.,

EXPERIMENTAL RESULTS AND DISCUSSION
Scope of the Present Investigation

To ascertain the effects of jet injection angle on the flow field of a jet
in a cross flow, results of velocity and pressure measurements in the jet plume
are presented in figures 6 to 9 and in appendix B for a range of jet injection
angles for the effective velocity ratios of 4 and 8. The flow field has been
studied in cross sections of the jet plume to display most clearly its symmetry
and other simplifying features. Measurements can be divided into three catego-
ries according to the purpose for obtaining them:




(1) Velocity measurements in the plane of flow symmetry (y = 0) which are
used to determine the jet centerline

(2) Velocity measurements in the plane of flow symmetry which are used to
determine the vortex curve

(3) Velocity measurements extending out of the plane of flow symmetry
which are used in the diffuse vortex model

There is overlap between categories (2) and (3) because the measurements for
the diffuse vortex model include those in the plane of flow symmetry. The
extent of measurements for the present study is summarized in table I.

Measured velocities, static pressures, and total pressures are presented
in appendix B, and the results of utilizing the measured velocities in the
diffuse vortex model are presented in reference 23.

Measurements in the Symmetry Plane

Discussion of measurements.- Some appreciation for the information con-
tained in the symmetry plane data and for the shortcomings of the present study
can be gained from figure 6. Shown in this figure are measured velocities dis-
played as vectors in the plane of flow symmetry for an effective velocity ratio
of 8 and a nominal jet injection angle of 60°. For measurements near the jet
orifice (x/D < 2), the pressure and velocity gradients are large enough to
cause one or more of the following difficulties: (1) the probe spacing (0.5D)
becomes too large to define the velocity profile adequately for determining the
centerline or vortex—-curve location at a cross section; (2) appreciable errors
are introduced in the iterative technique used to determine the centerline and
vortex curve; or (3) errors in the velocity determination itself are introduced
because of large values of flow turbulence and significant pressure changes
over distances comparable to the physical dimensions of the probe head.

In the region from x/D ~ 2 to x/D =~ 12, the pressure gradients are not
too severe for the apparatus and techniques used in the present study. Within
this region, the properties determining the jet centerline and vortex curve are
apparent (e.g., the axial velocity in the jet is noticeably larger than the
cross—-flow speed, and the change in direction of the velocity vectors is dis-
cernible in the vicinity of the vortex curve). 1In this region, the span of the
rake of probes is large enough and the probe spacing small enough to adequately
describe the velocity profile determining either curve if the rake is well
placed.

For the region =x/D > 12, the axial velocity of the jet in the vicinity of
the jet centerline has decayed to such a degree that it is difficult to deter-
mine the centerline location. Although the change in the direction of the
velocity due to the contrarotating vortices is still evident, the span of the
rake of probes is not large enough to provide an adequate description of the
velocity profile locating the vortex curve. In addition to the broadening of
the velocity profile which is used in determining the vortex curve, the initial
placement of the rake of probes was not very accurate because of the lack of



prior knowledge about vortex structure as a function of jet injection angle.
These observations for the test conditions of figure 6 apply qualitatively to
the other test conditions studied.

The region very near the jet orifice (x/D < 2) is of particular importance
because it is the region of initial vortex formation. An attempt to extend
velocity measurements into this region has been made for selected test condi-
tions. Figure 7 shows symmetry-plane velocity measurements acquired in the
region of vortex formation for effective velocity ratios of 4 and 8 for perpen-
dicular jet injection. The relatively fine measurement grids of D/4 and D/16
are achieved by multiple placements of the rake of probes. For both effective
velocity ratios studied, the measurement cross section closest to the jet ori-
fice passes through the region of the jet core where the measured velocity is
equal in magnitude to that at the jet orifice. The velocity vectors in the jet
core are deflected downstream approximately 5° for R = 4, whereas for R = 8,
this deflection is less than 19, This deflection of the jet core for low effec-
tive velocity ratios causes some problems in developing an equation for the jet
centerline.

Jet centerline.- Determination of the jet centerline has been one of the
primary objectives of many theoretical and experimental studies of a jet in a
cross flow. Its determination is included in the present study to supplement
the description of the vortex pair associated with the jet and to provide a
basis for comparison with the results of other experiments.

An experimental determination of the jet centerline is straightforward.
As the jet is deflected by the cross flow, the velocity in the jet decays to
values comparable to the cross-flow velocity. This deflection and decay of the
axial component of velocity in the jet can be detected by suitable placement of
velocity measuring probes in the plane of flow symmetry. The jet centerline is
the locus of the points of maximum axial component of velocity in each of the
flow-field cross sections, with an iterative process (ref. 20) defining the
final cross-section angles.

Table II presents the results of the jet centerline study. The location
and orientation of the rake, the location of the jet centerline, the maximum
axial velocity, and the final cross-section angle are presented for each cross
section studied. The jet centerline decay properties are indicated in figure 8.
In this figure, the quantity (U¢ - U, cos ¢c)/(Uj - U cos do) is plotted
against arc distance along the jet centerline. This represents an attempt to
display the jet centerline decay in a manner that would be compatible with a
coflowing jet in the limit as &, approaches zero. A comparison with the
results of reference 20 is included. For R = 4, there is a noticeably slower
decay rate of the axial velocity component for § = 450 than for the other jet
injection angles. For R = 8, there appears to be a gradual but smooth decrease
in the decay rate with decreasing jet injection angle.

Vortex curve.- The vortex curve partially describes the location of the
vortex system associated with a jet in cross flow. The pair of diffuse contra-
rotating vortices which form near the jet orifice is carried downstream along
trajectories which depend on the effective velocity ratio and jet injection
angle. The vortex curve is the projection of these trajectories onto the

8
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plane of flow symmetry. The vortex pair induces a velocity field in the plane
of a vortex—-curve cross section that can be detected experimentally. WNote in
figure 1 that there is a constructive interference in the region between the
contrarotating vortices. This constructive interference can be displayed by
plotting the vortex-induced variation of W, along the Zy-axis. This Wy
distribution exhibits a maximum, as indicated in sketch (a). A point on the

Vortex
centers

ZV

A
[ \\,
N o

+T -T

: Sketch (a)

w.yortex curve is determined experimentally by locating this maximum "upwash," or
%y component of velocity, in a vortex-curve cross section. A detailed descrip-
tion of the iterative procedure used to determine points on the vortex curve is
presented in reference 20.

The results of the vortex-curve determination are shown in table ITII. The
location and orientation of the rake, the location of the vortex curve, the arc
length along the vortex curve, and the final cross-section angle are presented
for each condition that resulted in useful information.

Equation deseribing the jet centerline and vortex curve.- The equation
used to describe the jet centerline and vortex curve for perpendicular jet
injection is

z/D = arRP(x/D)C (2)

Separate values of the parameters a, b, and ¢ which provide a least-squares
best fit to the jet centerline and to the vortex curve for perpendicular jet
injection are presented in reference 21. For a given effective velocity ratio,
both the jet centerline and vortex curve as described by equation (2) intersect
the plane of the flat plate (z = 0) perpendicularly at the center of the jet
orifice, where (x,v,2) = (0,0,0).

1
]
|



Equation (2) is modified in the present report to include the effects of
jet injection angle. The primary assumptions are that the basic shape of the
curve (given by a, b, and c¢) is not a function of jet injection angle and
that the jet centerline and vortex curve intersect the flat plate. at the jet
injection angle d&. The basic generalization is to define a reference curve

(o]
F(x)/D = aR® [(x/D) - (x1/D)] (3)

with separate values of a, b, and ¢ to describe the jet centerline and
vortex curve. The appropriate segment of this reference curve, utilized to
describe either the jet centerline or vortex curve, is determined by the con-
dition that each curve intersects the flat plate at the jet injection angle 6.
The point (xo,F(Xg)) in sketch (b) denotes the start point of this segment.

F(x)

Sketch (b)

For the vortex curve, another minor modification is made to equation (2)
based on velocity measurements from the present study in the region near the
jet orifice. These measurements indicate that the vortex curve intersects the
flat plate at approximately x/D = 1/2 instead of =x/D = 0.

A least-squares fit of these extensions of equation (2) to the points on
the jet centerline and vortex curve determines parameter values which are

10



listed in item 2 of table IV. Parameter values for fitting data for R = 4

and R = 8 separately are presented, as well as the parameters providing the
best fit for all data. For purposes of comparison, similar results for perpen-—
dicular jet injection (ref. 20) are presented in item 1 of table IV. The last
column of the table lists the standard deviation of the points from the curve.
Note that this attempt to extend equation (2) to include the effects of jet
injection angle causes a significant, though not serious, reduction in the
quality of the fit to the data. For the centerline, the standard deviation for
the present study is about three times as large as that for reference 20, and
for the vortex curve, it is less than twice as large.

Physical descriptions of a jet in a cross flow usually consider two dis-
tinct regions of flow - a jet core extending a short distance from the orifice
and the region of established flow downstream of the terminus of the jet core.
This jet core, which is approximately conical in shape, is not noticeably
deflected by the cross flow for effective velocity ratios greater than about 4.
Downstream of the terminus of the jet core, the fluid is highly turbulent
throughout the jet plume; deflection, deformation, and decay of the initial jet
of fluid are readily observed. For perpendicular jet injection, equation (2)
provides an adequate fit to the centerline for both regions of flow. Because
the length of the jet core depends on jet injection angle, however, the two
regions should be treated separately when extending equation (2) to include the
effects of jet injection angle.

An attempt to improve the quality of the fit for the jet centerline is
made by attempting to describe the length of the jet core. The jet centerline
is described in the present study by a straight-line segment (representing
the jet core) which is joined smoothly to a segment of the reference curve
described by equation (3). The length of the straight-line segment is a func-
tion of jet injection angle. The equation chosen to model the behavior of the
jet core length is an ellipse with one focus at the center of the jet orifice.
Sketch (c¢) represents the variation of the length of the jet core s, with
jet injection angle ¢. The lengths 2, and 22 are interpreted as the jet
core lengths for coflowing and perpendicular jet injection, respectively.

~
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Y

Sketch (c)
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The equation for this elliptic variation of jet core length for a given effec-
tive velocity ratio is :

~° b2/P (4)
D 22
1-1|1-—)cos §
24

To describe the shortening of the jet core with decreasing velocity ratio for
perpendicular jet injection, the following equation is used:

Ry = Lye=(d2/R?) (5)

where d is a parameter without physical significance that is determined in
the curve-fitting process. The length 27 for a coflowing jet is assumed to
be a constant that is equal to the jet core length for a free jet (i.e.,

29/D = 6.2). Although the jet core length for a coflowing jet is considered
to be a function of effective velocity ratio (ref. 25), inclusion of this
behavior does not lead to an improvement in the ability of the equation for
the jet centerline to fit the experimental points defining this curve.

A least-squares fit of this two-segment curve to all of the jet centerline
points determines the parameter values listed in item 3 of table IV. Note that
there is a significant improvement in the quality of fit for R =8 and a
smaller improvement for R = 4, This reflects the physical observation that

the jet core for perpendicular injection is significantly longer for R = 8
than for R = 4.

The steps for calculating points on the jet centerline and vortex curve
are outlined in appendix A. Values for the resulting constants a, b, ¢,
and d are listed in table 1IV.

To provide a better description of the jet centerline and vortex curve,
the parameters for the fits to individual R groupings for the vortex curve
(from item 2 of table IV) and the jet centerline with jet core (item 3 of
table 1IV) are utilized in the present report. Figure 9 provides a visual
indication of the quality of the fit of the extension of equation (2) to the
points locating the jet centerline and vortex curve. Included in each figure
is a comparison with the results of a previous study (ref. 20).

The velocity measurements in planes perpendicular to the jet path and
extending out of the symmetry plane were acquired for use in the diffuse
vortex model (ref. 21). Measured velocities and pressures are presented in
appendix B, and the results of utilizing the projection of these velocities
onto vortex-curve cross sections are presented in reference 23.

12



SUMMARY OF RESULTS

The primary purpose of the wind-tunnel experiment described in the pres-
ent investigation is to determine the dependence on jet injection angle of the
properties of the vortex pair associated with a round jet in a cross flow,
Effective jet/cross-~flow velocity ratios of 4 and 8 were studied for jet injec-
tion angles of 459, 60°, 75°, 90°, and 105°,

Velocity and pressure measurements in the jet plume are the main subject
of the present report, and the properties of the vortex pair inferred from
these velocity measurements are presented in a separate paper by D. Krausche,
R. L. Fearn, and R. P. Weston (AIAA J., vol. 16, no. 15, 1978), The measured
values of total pressure, static pressure, and velocity are presented in tabu-
lar and graphical form for over 900 locations in the plane of flow symmetry and
over 1000 additional locations in cross sections extending out of the plane of
flow symmetry.

Additional results of the present study are:

1. The jet centerline location and decay of the jet centerline speed are
determined and compared with the results of a previous experiment for perpen-
dicular jet injection.

2. The vortex curve which partially locates the vortex system is
determined.

3. An equation describing the jet centerline and vortex curve for perpen-
dicular jet injection has been extended to include the effects of jet injection
angle. It appears that the shape of each curve is determined primarily by the
effective velocity ratio. The equation for the jet centerline is better able
to fit the data if a straight-line jet core whose length depends on jet injec-
tion angle is included.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

July 19, 1979
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APPENDIX A

EQUATIONS FOR THE JET CENTERLINE AND VORTEX CURVE

The following steps can be utilized to calculate points on the jet center-
line or vortex curve and the associated cross-section angles. (See fig. 5.)
The curves are modifications of equation (3):

(o]
F(x)/D = arP [(x/D) - (%1/D) |

where values for a, b, and c¢ are given in table IV, A straight-line seg-
ment representing the jet core is included in the description of the jet
centerline.

1. For the jet centerline only, calculate the length of the jet core by
using equation (4):

So 2,2/D

D Q2
1 -1 - —] cos §

21

where 2£7/D = 6.2 and 1%; = 21e‘(d2/R2), with the value of d given in
table IV.

2. Locate the end point of the reference curve.
Centerline
Xo = 8o COs 8; 25 = Sg sin §

Vortex curve

3. Locate the point on the reference curve that would correspond to
(Xo,2o) for perpendicular jet injection.

§ = 90°
X1 = X7 21 T %o
S # 90°
1
caRb 1-c
X] = X - D|——m— 7 Z1 = 2o * Fxq)
| tan §]

14



APPENDIX A

where the positive sign is used for § > 90° and the negative sign is used for
§ < 90°,

4, Locate a point on the curve and calculate the cross-section angle.

8§ £ 909 (The curve is single valued.)

For the centerline only, when x £ xg,
z =x tan§; o=
For both curves for x > xo,
c(z - 27)

z =27 +Fx); ¢= tan—!
X - X7

Gwi_gQO“(The curve_is double valued for some values of x.)

For the centerline only, when x5 S x £ 0,

z(1) = ¥ tan (S; ¢C(1) =5

c(z(2) - zy)

z(2) =z, + F(x); ¢c(2) = tan~!
X - Xj
For both curves when x £ xg,
c(z(M - z7)
z(1) =27 - F(x); ¢(1) = tan™!
X - X3

(c(2(2) = zy)

2(2) = Zj + F(X); ¢(2) = tan"1
X = X3
For both curves when x > x,
c(z - zy)
z =27+ F(x); ¢=tan" )| ——
X - xq

This specification of the jet centerline and vortex curves for a range of
effective velocity ratios and jet injection angles is more complicated than
that for perpendicular jet injection, but the preceding equations can be pro-
grammed on a pocket calculator for convenient numerical calculations.

15



APPENDIX B

EXPERIMENTALLY DETERMINED VELOCITIES AND PRESSURES
Presentation of Results

The basic results of this investigation are the measured pressures and the
velocities determined from them. For presentation, these measurements are
arranged in four major groupings: (1) jet centerline data which consist of
measurements in the plane of flow symmetry for the purposes of establishing the
jet centerline; (2) vortex—curve data which consist of measurements in the
plane of flow symmetry for the purpose of establishing the vortex curve and for
use in the filament vortex model; (3) special-case measurements acquired in the
symmetry plane very near the jet orifice with multiple rake placements to pro-
vide a relatively fine measurement grid (these measurements are used to deter-
mine points on the jet centerline and vortex curve near the jet orifice for
perpendicular jet injection); and (4) extended cross sections which contain
measurements taken out of the plane of flow symmetry. For each of these groups
of data, the location of a cross section is given by the location of the tip of
probe 4 of the rake in the wind-tunnel coordinate system (X/D,0,%Z/D) and the
inclination PHI of the rake with the Z-axis. The locations of points within
a cross section are given by their coordinates (XB,YB,ZB) in a system obtained
by rotating the wind-tunnel coordinate system through an angle PHI and locat-
ing the origin at the tip of probe 4 of the rake of seven vaw-pitch probes.
(See sketch (d).) All coordinates are nondimensionalized by the jet diam-

UINF

Sketch (4)

eter D. The velocity determined at each location in a cross section is speci-
fied by the three components (UB,VB,WB) relative to the coordinate system (XB,
YB,ZB) and is nondimensionalized by the cross-flow speed UINF. The static

and total pressures are presented as dimensionless coefficients CP and CPT.

16




APPENDIX B

Tables Bl to B13 contain the measured pressures and velocities. Tables Bl
and B2 include a few measurements where the jet was hotter or colder than the
cross flow. Figures Bl to B3 and part (a) of figures B4 to B13 graphically
display the symmetry plane velocity vectors projected onto the X-2Z symmetry
plane. The length of the velocity vectors is proportional to U_, which is one
jet diameter in length. Part (b) of figures B4 to B13 graphically displays the
extended cross-section velocity vectors projected onto the YB-ZB measurement
plane.

Symbols

10424 static pressure coefficient, (p - p)/q,

CPT total pressure coefficient, (pg - Pt,m)/qw

D jet diameter, cm (in.)

DELTA jet injection angle relative to cross-flow velocity, deg
{same as & in text)

PHI angle between Z and 2B axes, deg

PHIC angle between 2 and %, axes, deg (same as ¢, in text)

PHIR angle in symmetry plane between 2 axis and cross section of
measurement, deg

PHIV angle between Z and %, axes, deg (same as ¢, in text)

P static pressure, Pa (lb/ftz)

Pt total pressure, Pa (lb/ftz)

q dynamic pressure, Pa (lb/ftz)

R effective velocity ratio, defined by equation (1)

THETA angle that local fluid velocity makes with probe, deg

TINF temperature of cross flow, K (R)

T3 temperature of jet fluid at jet orifice, K (R)

UB,VB,WB XB, YB, and ZB components of velocity, m/sec (ft/sec)

uc jet centerline speed, m/sec (ft/sec) (same as Ug in text)
UINF cross-flow speed, m/sec (ft/sec) (same as U_ in text and figures)
X,Y,z Cartesian coordinate system; denotes wind-tunnel coordinate system

when no subscript is used

17



APPENDIX B
XB,YB,2B Cartesian coordinate system fixed to rake of probes

Subscript:

© refers to cross-flow condition

Index to Figures

[Each figure has a corresponding table which contains tabulated data
of velocities and pressures in the jet vicinity]

Figure R §, deg Data type
B1 4,8 45 to 105 Jet centerline
B2 4,8 45 to 105 Vortex curve
B3 4,8 90 Near jet
B4 4 45 Cross section
BS 4 60 Cross section
B6 4 75 Cross section
B7 4 90 Cross section
B8 4 105 Cross section
B9 8 45 Cross section
B10 8 60 Cross section
B11 8 75 Cross section
B12 8 90 Cross section
B13 8 105 Cross section

18
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TABLE Bl1.- TABULATED VALUES OF SYMMETRY PLANE VELOCITIES

AND PRESSURES IN JET CENTERLINE VICINITY

z8/D Za/D
TEST TEST

| CCANDITIONS =1le5 ~1e0 =—0.5 Qe 0«5 1.0 1«5 =145 =140 =—0e5 0.0 0«5 1.0 1«5 CONDITIONS

R= 4404 1405 1423 1427 1e61 170 1.08 «94 | UBZUINF 119 1420 128 155 1421 095 0496 |R= 4205
DELTA= 45 DEG 0e04 0e0) —0603 —0.01 —0.02 -0.02 0401 |VB/UINF 0«0 Q0s01 0a02 040 0e0 0.0 0s02 |DELTA= 62 DEG
UINF= 421 M/S D40 0653 038 0408 0008 —0405 -0.18 | WB/UINF 0e58 0448 0618 0401 —0405 ~0e17 —=0e24 |UINF= 4241 M/S
X/70= 700 —0el6 =~0e49 =0e39 —0e40 ~-0.38 -0.08 0.08 cP ~0e56 —0683 0436 -0e31 =0el2 005 0407 |X/D= 6450
Z/L=  3Je72 012 0630 0639 1621 156 010 0401 cPT 0e21 0625 0632 1lell 0635 =001 0.05 |Z/D= 4,88
PhlI= 15.0 DEG 2069 233 17.2 4.3 4.3 4e8 1e2 THETA 2642 2148 8.3 2.6 3¢5 10s46 18,4 |PHI= 19.0 DEG
8= 4.05 leld 1427 1430 148 1449 1e13 1400 |UB/UINF 1.21 121 1«21 131 125 1407 0499 |R= 4405
|DELTA= 45 DEG 0e0l =003 =0602 =-0e01 060 =—0401 -0e01 | VB/UINF 0.0 002 0601 0401 0e0 040 0.0 DELTA= 60 DEG
UINF= 4240 M/S 041 O0e44 0e34 0e18 0612 0408 ~0.06 | WB/UINF 0ed44 0040 0e26 009 —0401 —0.08 —0a15 |UINF= 42.2 M/S
X/C= Ge88 —0e27 —0e¢33 —0e27 —0e22 ~0e23 —0.10 0.0 ce ~0e38 —0e29 =0022 ~0e22 —-0el8 —0.04 002 |X/D= 1000
Z/D=  4a84 Q0e20 0648 0454 0489 1401 0619 0.02 CPT 0629 0034 08433 0051 0e42 0el1l1l 0402 |Z/D= SeF9
PHI= Ge0 DEG 1928 19e4 154 7«8 S5e7 402 4.8 THETA 2044 184 1243 4.5 247 Se2 Je1 |PHI= 14,0 DEG
R= 4404 1el7 1623 129 1631 125 1«18 109 |UB/UINF 1e16 1419 1418 119 1al7 109 1402 |R= 4403
DELTA= 4% DEG =0e¢01l —0e04 —0402 —0+02 -0.01 —0.02 0.0 VB/UINF ~0e01 —0402 —0e01 ~0e03 =001 -0+402 0.0 DELTA= 60 DEG6
UINF= 42,0 M/5S 0e29 0026 0020 0412 010 0.03 -0.01 | WB/UINF 0431 0e27 0221 Oel4 0404 0402 —0.05 |UINF= 42,2 M/S
X/D= 20400 —0e¢16 —0617 ~0e20 —Jeléd =0ell -006 ~0.06 cP =~Jel8 =019 ~0al1S =0el14 ~0ell —0s07 ~0.02 | X/D= 20400
Z/0= 600 0e30 0682 0650 060 0.48 0.34 0413 cPY Q0e26 0e32 0430 0631 0627 0el3 0403 |Z/D= 7«50
PHI= €40 DEG 1346 1342 10.0 740 6el 4.6 3.4 THETA 155 1345 10e7 86 4.6 4.7 406 | PHI= T«0 DEG
R= 4405 105 108 1401 3656 083 0476 0676 |UB/UINF 1202 0483 0.9 2466 0e89 0475 0474 |R= 4406
DELTA= &0 DEG —0ell ~0e05 007 0403 0402 0.01 0,03 |VB/UINF —0ell 007 0.0 007 0402 0003 0403 |DELTA= 75 DEG
UINF= 423 M/S 0¢84 1404 0454 0els4 —0e33 —-0¢45 —-0.53 | WB/UINF 0483 086 0018 0010 —0e18 —0+20 —0.49 |UINF= 4148 M/S
X/D= 2400 —0e56 —1e50 —0e83 —1e54 0Qell 0425 017 ce ~1e50 =1233 =126 =173 ~0.06 0e31 0,25 | X/D= 24,00
2/7/D0= 2450 —0e26 —0e22 —0e51 10481 -0.10 0,03 0Q.02 CcPT —0e75 —0e89 =135 4¢55 —~0e23 0403 0404 |Z/D= 3442
FHI= 2S.0 DEGC 2349 4441 28.1 247 2145 3140 34.9 THETA 39«7 4640 . 2«42 11e3 2R.4 33.7 |PHI= 3940 DEG

= 4a07 0687 0e97 106 1623 1409 199 1474 | UB/UINF 0499 080 1el3 206 1ell 0488 04848 |R= 4406
DELTA= €0 DEG 0e0 —0e05 —0e07 0e01 005 0601 0404 | VB/UINF 0e0 —0e06 =002 0e01 -0603 0.0 0.01 | DELTA= 75 DEG
UINF= 42.3 M/S —=0+27 Qa0 0e42 0470 0634 0084 -0.20 | WB/UINF Qe72 0655 060 OeD =0ell =031 —0e39 |UINF= 42,2 M/S
X/D= 484400 0ed —0el6 =0s57 —1e12 —0.53 -119 ~1.09 cP —1e14 —0e8l -0e83 —1e04 —0e21 020 019 | X/D= 3,00
Z/D= 2450 —0e17 =0421 =0e¢25 —0e10 -0.22 2405 1402 cPT ~0463 —0486 —0e54 2428 0.0 0.0 0.06 | 2/D= 4413
PHI= 40«0 DEG 177 Se3 223 2948 17«4 1245 607 THETA 35«8 3Sel 362 2e2 6e8B 2045 24.9 |PHI= 31.0 DEG

= 4e0S 1608 1627 126 1018 2424 1415 0679 |UBZUINF 1605 0499 1.11 124 118 101 0496 |R= 4403
DELTA= 60 DEG —~0e05 -0+05 0401 0e01 0a02 0,03 002 | VB/UINF 0e01 001 060 =-0e01 O0e0 -0e01 0402 |DELTA= 75 DEG
UINF= 84244 M/S O0el6 0e48 0Qa5l —0e604 -0e45 ~0e29 —0e4S5S | WB/UINF Oe3l Jel8 0e01 —0e07 —0ell —0e16 ~0.22 JUINF= 42,3 M/S
X/C= Ga01 —0e31 —0eS3 —~0e86 —0e62 —1.18 —0.31 0419 ~0e844 —0e36 ~0e27 ~0e22 -0el7 —0s04 0.05 | X/D= 7453
L/D= 226 —0e20 =006 0.01 —0622 3«15 0e.12 0,02 CcPT ~0e25 —0e33 —0403 0434 0024 0402 0403 [Z/D0= 588
PHI= 40.0 DEG Fel 2248 219 2«8 1le6 18,2 30.0 THETA 16.5 10.4 340 4ot Gel 9e5 13.2 [OPHI= 18,0 DEG

= 4oy 109 109 105 2002 139 0.91 0488 | UB/UINF 1.04 101 lall 1415 110 1«01 099 |R= 4407
DELTA= 60 DEG 0004 0002 001 Qo0 —0.01 —0.01 0402 | VB/UINF 0602 —0e01 0e01 0001 0401 0.0 0.0 NELTA= 75 DEG
UINF= 42.2 M/S 0e66 0eB3 0e39 —0e01 —0402 —0e24 —033 | WB/UINF D¢24 0el2 0402 0003 —0e07 —0a12 ~0s17 fUINF= 4243 M/S
X/C=  4.00 —=0e73 =088 =047 —0e86 —-0e42 0el2 0elb ~0e32 —0e21 -0418 —0e15 ~0e10 ~0es04 0.0 X/D= 1000
L/70= 3.€7 —0ell 0e03 —Ve21 2¢30 0054 0.02 005 cPT =0el7 —0e16 0005 0418 0s11 040 0.02 | 72/D= 6467
PHI= 2€.0 DEG 31«2 3744 2004 245 342 15«1 209 THETA 131 7e5 2e7 el 4.6 7e4 10¢4 | PHI= 139 DEG

g XIONIdd¥
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TABLE Bl1.- Continued

z8/D ZB/D
TEST TEST
COND IT IONS ~-1e5 —1le0 -0.5 O« 0O 0e5 1.0 15 =1e5 =10 -—0.5 0.0 0e5 1.0 1.5 CONDTITIDNS
R= 4404 Qe 60 0«81 1.24 le44 110 Q.96 0«93 | UB/UINF Oe54a 0«55 De71 0.94 1.07 1el5 Lell R= 4,04
DELTA= 90 DEG 0«01 —0402 00 —0e01 —0+03 —0402 -0401 VB/UINF —0es04 —0e601 —0402 ~0.01 -0,01 0.0 Oe0 DELTA= 105 DEG
UINF= 42,0 M/S 0e27 =003 —0e15 —0all —-0e16 —0s24 -0.32 wB/UINF 0607 —0s01 —=0ell =0el2 —0ald —0e18 -0a16 JUINF= 42,3 M/S
X/D= 4,00 ~0e64 —0e64 —0e58 —0e48 —-0.14 0«04 010 ce —0e30 —0e28 =0e28 —0e30 -0e26 =021 -0415 | X/D= 8.00
Z/0= £.50 ~1420 =0457 ~0402 064 0all 0403 0406 cet 0499 ~0,98 0476 —0.40 —0.08 0.14 0.12 | Z/D= 6.88
PHI= 24.9 DEG 2441 4.4 Te5 Se2 Se2 14.6 193 THETA 10.4 3.8 Sea B.3 B8e3 7.4 8.8 | PHI= 16.0 DEG
2 p= 3.91 0¢90 1401 1412 112 1407 1401 0499 | UB/UINF 0080 0093 1407 1e13 1.07 1.02 1,00 | == 4407
DELTA= 90 DEG 0.0 Oe O 0.0 Ge 0 0.0 0«0 040 VB/ZUINF 0602 —0a02 —0+01 —0402 -0,01 =001 -0401 DELTA= 10% DEG
UINF= 42.0 M/S —0606 —0610 —0e13 —0e14 -0el15 —0e17 —-0.20 WB/UINF —0e12 —=0el5 =0el6 —0al16 =017 =0e19 =023 | UINF= 42,3 M/S
X/0= 10«00 =0e23 —0e421 —0e16 —0eld -0.09 —-0.03 0«0 cP —0e29 —0427 ~0423 —0e18 —-0613 —-0.08 -0.03 | X/D= 7699
Z/B=  7.47 —0441 =0418 0e11 Oe¢l3 0,08 0402 0.02 cer 0463 —0438 ~0+04 0.13 0.0a 0.01 0,08 |Z/0= 8.10
PHI= 14.0 DEG 4.8 6eb6 73 Te8 8.7 9.8 11.8 THETA 8e4 99 9e2 8.8 Fed 10.8 13.3]P 160 DFG
= 4,02 0.88 1.03 107 lel0 106 100 099 | UBZUINF 0.64 070 0«80 094 1«03 1.10 1406 [ R= 4,06
DELTA= 90 DEG 0.0 0e01 —0e01 —0.02 -0.01 0.0 0.0 VB/UINF -0401 00 =-0e02 ~0e01 -0.01 -0,01 0e0 DELTA= 105 DEG
UINF= 42.0 M/S —0e02 —0208 —=0e12 —0el14 —0ea15 —0e16 =020 wB/UINF Oe0 =0402 —0e09 ~0e12 —0el13 =0e13 -0e17 JUINF= 42,5 M/S
X/7D= 10.00 —0a27 =026 =020 =013 —0.09 —0,03 0.0 -0e20 ~0e21 =0423 0018 -0el16 —0e17 -0o0ll X/D= 11,00
Z/C= 7«47 =050 —0e419 ~-0.,04 Osl1l 0407 040 0.02 cPY —0e79 —0e71 —0e57 =029 —-0.07 0406 0«06 | Z/D= 766
PHI= 14.0 DEG 3.3 4.9 Te3 8.4 8.6 9«8 117 THETA 4.2 3.5 Te5 8.3 Be0 7 e5 Q¢S | PHI= 13.1 DEG
b R= 3e67 0.92 1.03 110 1.09 1«03 1400 0099 UB/UINF 090 1.00 109 1.08 1.06 102 100 | R= 4e13
DELTA= 90 DEG 0«0 Oe0 =0e02 =001 —0602 —-0601 0.0 VB/UINF =001 -0.01 O0e0 =001 —-0.02 —-0.01 00 NELTA= 105 DEG
UINF= 42,0 M/S —0e02 =008 —0el12 ~0el3 —0e15 —0e18 —-0.21 WB/UINF =0el12 —0613 0413 ~0el8 —0615 =0e16 =019 | UINF= 42,3 M/S
X/C= 10.00 —0e28 —0626 =019 —0e13 —0609 —0«04 -0.01 ce ~0el9 —0619 —0e16 —0s12 -0,08 —0,06 -0401 X/D= 1094
2/C= 747 —0as43 —-0619 0«04 0.08 0.0 0.0 0.02 CPT ~0e36 =016 0e03 006 D07 0e0 0e02 | 2/70= 907
PHI= 14.0 DEG 3e0  S5e5  Te6 7¢9 9el 10.9 1203 | THETA 8e5 Be2 742 B840 9.0 9.7 11.2 |PHIz 13.1 DEG
R= 4,06 0499 1204 1.05 1202 1408 1403 1400 | UB/UINF 136 1.55 2.09 3.43 3.59 1490 0498 | R= 7.97
DELTA= 90 DEG 0.01 00 0.0 0e0 =0e01 —-0.01 -0.01 VB/Z/UINF 001 O0e0 -0.03 0a0 —0e02 -0e03 -0.01 DELTA= 45 DEG
UINF= 4241 M/S =0e05 —0e0U5 =007 —0209 —0609 —0+10 —0a11 WB/UINF 0639 0e 53 0e26 Oel2 0e248 0el6 =025 | UINF= 37,9 M/S
X/7D= 20.00 =009 ~0e14 —0.08 —0e405 —0e06 —0605 -0.,01 =050 =088 ~1a39 =203 —1¢99 ~1.15 ~0s16 | X/0= 700
Z/7C= 938 —0.10 —0.0¢ 0.03 0.01 003 0«02 002 cPT 0«50 082 2e11 916 10653 154 -0e14 | Z/D= 5438
PHI= 7.5 DEG 4.4 4.5 545 6.5 6.3 6.8 7.4 | THETA 163 19.0 7¢B 3.3 4.8 5.9 14.6 | PHI= 27.9 DEG
R= 4.08 Q0e42 103 1451 133 1603 092 0688 | UBZUINF 145 1466 2417 2+84 267 2.00 1626 | R= 796
DELTA= 105 DEG ~0.01 0«01 Oe0 —0002 —003 —0e02 =-0.01 VB/UINF 0«01 0«0 ODe0 —0e01 -0.03 -0.03 -0.01 DELTA= 45 DEG
UINF= 424,3 M/S —0ell —0620 ~0e15 =010 —0e23 —0s31 -0.39 WB/UINF 0e40 0«36 Oel9 0e16 Oel? Oel3 —-0,08 | UINF= 38,0 M/S
X/g= 2400 —0e83 -0e91 =082 —0e44 —0ell 0e08 Oel3 cP ~0e62 —0e80 —0e99 —1e30 —1.04 —-0+.76 —0es31 X70= 1000
2/b= 6.00 ~1le64 —0.81 OeS1 De34 0«01 0«03 006 cPT Qe65 113 2482 5498 529 229 0630 | 2/D= 6.88
PHI= 32.0 DEG 14 .9 112 Sel Se3 12«9 19«3 23.9 THETA 15.8 12.6 S5e7 4.5 4,9 S5e3 4.9 | PHI= 23.1 DEG
R= 4.06 0669 1.09 1426 117 1407 1400 0496 | UB/UINF 1e28 144 1258 185 1489 1.76 1452 |R= 8.01
DELTA= 105 DEG 0402 0e01 ~0401 —~0e0l -001 —0-01 0.0 | VB/UINF 0e0 =0e01 ~0e01 ~0e03 =003 ~0.02 -0.02 | DELTA= 45 DEG
UINF= 42,3 M/S —0el17 —0e18 —0417 —0e18 —0e19 —0a26 =0.32 wB/UINF 0.28 Oel6 0609 0«06 003 002 ~0602 [ UINF 38.0 M/S
X/0= 4.00 ~0eS51 ~0a56 —0e42 —0e25 —0e15 —0.02 0,03 ce ~0e32 —0e45 —-0e38 048 —0653 —0e480 -0es84 | X/D= 20400
Z/8= 7.06 “1.00 —0432 0421 0415 0404 0405 0406 cPT 0edl 0465 1.14 2.00 2.09 1.72 0e91 | Z/D= 10410
PHI= 24.0 OEG 13.7 S. 8 8a1 93 1065 15.0 183 THETA 1245 Teh 540 A7 Aol 4.1 4.5 | PHI= 151 DEG
a. Cold jet, TJ/TINF = 0.90
b. Hot jet, TJ/TINF = 1.21
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TABLE Bl.- Continued

ZB/0 Z8/D
TES TEST

COND IT IONS —1e5 =10 =045 0.0 OeS 1.0 1.5 —1e5 =10 =045 0e0 0e5 1.0 1e5 CONDITIONS

R= 7«97 1408 1436 164 551 2429 0656 0450 | UBZUINF 1625 1617 1439 163 188 120 0697 |R= Be04
DELTA= 60 DEG Oel6 0607 —0e248 ~0e31 —0.18 —0401 —0.02 | VBZUINF 0e03 0+03 —0e603 0603 060 =004 -0.01 | DELTA= 75 DEG
TUINF= 38,2 M/S O0e83 0697 0462 —0422 0ell —059 —0467 | WB/UINF 0024 0e23 0003 —0e04 ~0603 0605 —0e16 | UINF= 21,1 M/S
X/D= 2450 =0eS2 —1492 =306 3¢43 —2a14 0.26 026 cp ~0e85 ~0e52 —0e59 —0666 —0e75 —=0e27 —0.03 | X/D= 10.00
fZ70= 3.81 ~0s22 —0ell —0e89 3591 2423 —0+07 —0.03 CPT ~0e23 —0el10 035 1400 1466 0el7 -0,06 |2Z2/D= 11.90
|PHI= £3.0 DEG 23e¢3 356 2245 Se4d 6e7 4647 53.1 THETA 107 1la1l 4.4 23 3«0 5e3" 102 |PHI= 27.0 DEG
R= 2.00 1e28 1a52 219 4417 2484 0,82 0.66 |UB/UINF 1421 119 1440 1459 1657 1430 108 |R= 8403
OELTA=_ 60 DEG 0e0S —0e04 —0406 =002 ~0406 —0407 —0401 | VB/UINF 007 0004 0001 007 —-0o02 DELYTA= 75 DEG
UINF= 37.9 M/S 0e74 073 0el18 0407 025 —0+30 —0448 | WB/UINF Qe25 0el6 0607 =0s02 —-0.04 UINF= 21e1 M/S
X/D= 4.00 —~1a23 ~1e6] “2e45 —2699 —2¢39 —0e26 0.31 —0e68 —0a58 —-0e49 ~0e52 -050 X/D= 10.00
Z/C= S84 —0e03 0e27 1447 14441 4.99 =049 -0.03 cPT | =0el5 =013 O0eA7 1402 0498 039 0009 | Z/D= 11.90
PHI= 43.,0 DEG 30«1 2547 Se9 2«5 6e0 2145 3643 THETA 11.7 7eS 3.7 07 39 4.3 7.9 | PHI= 27.0 DEG

= 8400 Led36 1262 2ell 2478 2,47 1e41 083 JUB/UINF 1e24 1430 1440 1454 151 1428 1402 |R= 8.07
DELTA=_ 60 DEG 0602 =002 0.0 0s0 =0e02 =002 0a01 |VB/UINF —0e01 0e01 —0e02 0403 ~0e4048 —0402 —~0«01 | DELTA= 75 DEG
UINF= 379 M/S 0e54 0434 0410 0609 0al0 —0.01 —0.27 |WB/UINF 0e33 0el3 0005 ~0e05 —~0e05 =007 =017 |UINF= 31a5 M/S
X/D= 7400 =lell =102 =1417 =151 =120 =045 010 ~0e69 —0e55 -0eS8 —0e42 —0441 —0.28 -0.08 | X/D= 10,00
Z/0= Te73 0e32 0e784 2034 582 401 0.54 -0.14 cPT ~0e05 0018 0640 0096 088 06437 040 Z2/D= 11.90
PHI= 33.0 DEG 2065 1262 3.6° 3.1 3.6 3.3 18.3 THETA 153 62 4.3 2.7 4.9 Se0 101 | PHI= 27,0 DEG
R= 768 1¢33 1435 168 1496 2003 1470 1423 JUB/UINF 1024 127 1a35 157 1643 129 1404 |R= 8.01
DELTA= 69 DEG ~0e03 —0403 ,0¢03 -0e04 —0.07 —-0401 0.0 VB/UINF —0e01l 0401 -0e02 —0401 —-0401 —0402 -0.01 | DELTA= 75 DEG
UINF= 3841 M/S 0e54 0039 0420 0615 0Oel4 0.10 -0.04 ] WB/UINF O0e31l 0615 0604 =0e01 ~0e04 =0,08 —-0e16 | UINF= 378 M/S
X/0= 10400 ~0e78 —0e66 —0¢75 —0s71 —0e71 —0463 —029 P ~0e62 —0e58 ~0e43 =053 -0e32 -0629 =010 | X/D= 1000
Z/D= Ge.22 0e23 0e31 115 2621 2451 1«31 0.22 CPT 0e01l 0607 0039 0697 0e72 038 0402 | Z/0= 1190
PHI= 2440 DEG 2244 1646 6.9 Se9 642 445 3.4 THETA 14.2 Tel 4.1 3a1 346 Se3 G¢5 | PHI= 27.0 DEG
R= 7«99 1627 131 139 140 1e41 125 1415 |UB/ZUINF 1el2 1613 1e18 116 119 114 1409 |R= 8.03
DELTA= 690 DEG 0e0 —0004 ~0.04 0.0 0e03 ~0403 -0.01 | VB/UINF -0a02 ~0403 -0602 —0001 —0e01 —0.01 —-0.02 | DELTA=_ 75 DEG
UINF= 38.0 M/S 0el9 0el3 0408 006 —0e01 —0402 —0404 | WB/UINF O0el9 007 0e0l =0a02 —0607 —0.09 —-0213 [ UINF= 37.9 M/S
X/D= 2000 ~0e37 —0434 ~0428 —0e31 —0e25 —0419 =016 cp —0e31 —0420 -0e21 —0e¢15 —-0e18 —0e14 -0412 | X/D= 20,00
2/70= 13.06 0630 0e81 068 067 075 038 0.17 CPT —0e01 0e08 0418 0620 0424 0.18 0009 | Z/D= 154,50
PHI= 1£.0 DEG 9«0 7e6 6l 4.2 2e 4 4.9 4.5 THETA 106 6el 4eod 4.0 53 60 82 | PHI= 1840 DEG
R= 8.00 131 1429 190 4472 2.67 0652 038 JUB/UINF 1612 132 168 1276 143 100 0476 |R= 8.00
DELTA= 73 DEG —0.08 —-0401 0407 0.0 003 =004 0.0 VB/UINF 003 0601 0402 0601 —0601 =001 001! | DELTA= 90 DEG
UINF= 38,0 M/S 105 099 022 0a01 0625 —0e47 —0a61 | WB/UINF 0e34 Q.05 —0e04 —0402 —0402 —0a16 -033 |UINF= 38.1 M/S
X/7D= 2400 ~2e33 —2427 =351 =263 —2475 003 0445 cpP —0e98 —0e89 —0e94 —0e75 —0.55 —0.08 0.21 | X/D= 4.00
Z/0= 5426 —0e50 —0e59 =082 20628 3464 —-0e47 —0.04 cPT ~0e61 ~0e14 0091 138 0e52 —0.05 -0.09 | Z/D= 10431
PHI= £6.0 DEG 390 3745 6.7 1.5 54 4246 58.4 THETA 16.9 2e7 21 240 246 9e¢3 23.1 | PHI= 40.9 DEG
R= 7455 1637 1240 192 2474 2428 1.06 0.67 |JUB/ZUINF 1609 1420 1620 1420 1409 1.00 0,94 | 3= 8.02
DELTA= 75 DEG 0a05 0604 0405 0602 008 —0.01 0.03 ]JVB/UINF =001 0Qe¢01 -0e01 060 =-040! 040 ~-0.01 | DELTA= 90 DEG
UINF= 384 M/S 0e7S 0ad47 008 0004 Ool8d —0.09 —0438 |WB/UINF 013 —0e02 ~0e01 =006 —0eld —0ald —0e23 | UINF= 211 M/S
X/D= 4400 =165 =138 —1e45 =160 ~129 —0.30 0.26 —0e38 —0e36 =028 ~0e25 —0e10 —0e03 0«09 | X/D= 950
Z/0= 775 ~0e2]1 —0elR 131 Sell 2483 —-0e16 =015 CPT ~0e18 0408 016 0020 0al0 =0+01 0,02 ]| 2Z/0= 14.01
PHI= 4S.0 DEG 2845 1845 263 1.8 3.5 S¢3 29.6 THETA Te2 2.3 3e2 440 8.1 Bs5 14.1 | PHI= 25.0 DEG

¢. Cold jet, TJ/TINF = 0.90
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TABLE B1.- Concluded

ZB/D z8/D
TEST TEST
CCNDITICNS —1+5 =140 =0.5 0.0 045 1.0 1.5 ~125 =10 =05 0.0 05 140 1.5 CONDITIONS
R= 8406 103 leld 1427 1e18 105 0499 093 JUB/UINF 101 lall 1608 102 1400 0696 (93| R= Be402
DELTA= 90 DEG 0.01 -0.01 0¢01 —0601 -0402 —0401 0.0 VB/UINF ~0s03 ~04a01 -0403 ~0.01 0a0 ~0.02 ~0.0t | DELTA= 105 DEG
UINF= 2141 M/S 0605 0e01 =0407 —0404 —0413 —0e16 ~0.25 | WB/UINF 0e0 —0e10 —0e15 —0a17 —0e23 ~0.24 —0629 | UINF= 38,2 M/S|
X/D= G.50 =0e29 —0e31 —=0e31 -0419 —0e08 —-0.02 0.08 cp —Je31 —0e31 —0e22 -0e1& 0405 0e921 006 | X/D= 8,00
2/0= 14.01 —0e24 —0e02 031 0420 0405 0.0 0.01 CPT —0e28 —0e07 ~0402 —-0.06 0401 0.0 0e01 | Z/D0= 15466
PHI= 25.0 DEG 3.4 3e3 3e9 3.5 8e1 9¢9 1562 THETA 4a1 Se8 [ 4 Fe9 13.1 1443 17.4 | PHI= 2640 DEG
d

R= Be05 1.21 1426 1628 1427 1e.il1l 0698 0694 JUB/UINT 0e89 0087 0686 0699 1«03 109 101 |R= 797
DELTA= 90 DEG 0.02 0.02 0.0 0.01 0.0 0.0 ~0.02 JVB/UINF ~0e05 —0e01 =002 -0403 -0e02 ~0.01 —-0.02 ] DELTA= 105 DEG
UINF= 211 M/S 008 0601l ~0606 =0605 —0409 =016 =024 ] WRB/UINF 0636 0015 0409 —0.02 —0+05 ~0.10 —0+15 | UINF= 38,4 M/S§
X/C= S50 —0e54 =043 —0e33 —0e30 ~0e14 =004 0.06 ce —0643 —0038 =0e25 =027 —0+20 —0e421 ~-0ell | X/D= 1100
Z/0= 14401 ~0s06 0415 032 032 0Gel0 —0405 040 CPT —0e50 —0460 —0e50 —0429 ~0a14 ~0.,01 —0s06 | 2/D= 15405
PHI= 25.0 DEG 4ed 240 3.8 3.3 Se7 Q46 14.8 THETA 23,0 1045 Te2 Se 0 4.8 6el 93 | PHI= 220 DEG
= 76983 le16 1619 1e23 lelB8 1413 097 094 |UBZUINF Ve84 0094 0699 0697 105 1,00 0499 | R= 798
DELTA= 90 DEG 0602 —0402 =0402 -0e02 000 =-0.03 0.0 VB/UINF —0e03 0401 =002 -0.02 -0.03 0.0 0.0 DELTA= 105 DEG
UINF= 2i1.€6 M/S 004 —0402 ~0608 —0406 —0412 —0420 —0.23 | WB/UINF Oel3 0406 ~0e04 —0408 —Qeld ~0.14 =021 | VINF= 3846 M/S
X/D= 9450 —0e38 =0e34 =027 —0e21 —0el? 0401 006 CcP —~0e34 —0e3]1 -0e25 —0+20 —0eld —0405 —0e03 | X/D= 10.98
Z/0= 14,01 =003 0Qe¢l0 0625 0619 0013 -0.01 0.0 cPT —0e61 —0e4]1 =028 —-0424 -0403 ~0.02 0.0 Z/D= 15478
PHI= 2%£.0 DEG 2.8 440 Se3 408 6e8 1242 14.4 THETA 10.3 441 44 6e5 8e7 Be6 1241 | PHI= 22.0 DEG
= 7.68 1e03 117 1.20 1422 110 0697 0e95 JUB/UINF

DELTA= g0 DEG =003 0402 —002 0a0 0602 —0.02 0401 | VB/UINF
UINF= 3840 M/S 0a13 0602 ~0604 —0406 ~0e13 —0.18 -0+23 | WB/UINF

X/0= 9,50 —0e32 =032 =025 —0422 -0el4 0.0 0.05 cP

Z/C= 14,01 =0e248 0406 0620 0628 010 -0.03 0.02 CPT

PHI= 25.0 DEG Be5 1.9 4.1 4.0 Tel 1069 13.8 THETA

= 7455 0696 1406 1428 1423 112 0e94 0.83 |UBZUINF

DELTYA= 105 DEG =0603 —0407 =0e02 —0405 —0+402 —0408 —0+02 | VB/UINF

UINF= 38,2 M/S —0e08 =017 =0e21 —0e19 —0e20 —-0.27 —0+38 [ WB/UINF

X/D=  3.00 —0e71 =063 —0e54 —0e41 -0.30 —0.06 Oel4 P

Z/C= 12400 —0e78 -0648 0616 0615 ~0es01 —0.10 —0.03 cPT

PHI= 43.1 DEG 4.4 1049 9.8 9¢9 107 168 25.0 THETA

k= 8402 0e89 104 1642 1422 117 0699 095 JUB/UINF

OELTA= 105 DEG ~0e02 =0eC6 00 —-0202 —0404 —0401 -0.01 | VB/UINF

UINF= 3840 M/S Oe16 0608 ~V0e04 =006 ~0el12 —0e17 —0a423 | WB/UINF

X/D= 4,50 —0e67 —0655 =050 0042 —0e30 —0.11 —-0.01 CcP

Z/C= 12.84 ~0e84 —0e46 —0e24 007 0410 —0.10 -0.05 cPT

FHI= 34.0 DEG 10.9 S5e9 3.3 4.4 7e1 103 14.1 THETA
R= 797 Q.81 0492 0e93 0494 1410 1405 108 JUB/UINF

DELTA= 10S DEG =0e03 -0e07 040 -0005 —-0404 —0405 =003 | VB/UINF

UINF= 38.0 M/S 0e35 0e18 040 —0406 =005 =010 -0e17 |WB/UINF

X/C= E400 —0e55 =0e86 -0440 —0s29 =029 —-0.20 =0.16 ce

Z/D= 13.78 ~Jde76 —0eS58 —~Ja53 —0e39 ~0406 —0408 0e04 CPT

PHI= 260 DEG 245 1248 246 68 Se2 7«8 1040 THETA

d. Hot jet, TJ/TINF - 1.15
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Figure Bl.- Symmetry plane velocities in jet centerline vicinity.
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TABLE B2.- TABULATED VALUES OF SYMMETRY PLANE VELOCITIES

AND PRESSURES IN VORTEX-CURVE VICINITY

ZR/0 7670
TEST TTST

CORD ITIONS —1e5 =—1.0 -0e5 0s0 0s5 140 1a5 —1e5 =140 =05 J3e0 0e5 140 1+5| CONDITIONS
R= 4.05 0.84 0.93 0e96 1401 1410 1426 1440 |UB/UINF 0.82 0485 D0eBl 0e77 0090 0498 2.31 | A= 4,05
DELTA= 45 DZ6 0.04 0406 0407 0407 —0.01 —0403 —0.05 | VB/UINF 004 0.02 0402 0.09 -0.04 —0+04 0e0 }ODELTA= 60 DEG
UINF= 4241 M/S ~0e13 —0s01 0sl6 0439 0465 0459 027 |WBZUINF | —2+16 0409 0447 0495 0498 0.43 0.39 | UINF= 42,1 M/S
X/D= 7400 040 0403 0402 —0s15 —0.34 -0e51 0439 cP 003 0.01 —0400 —0.55 —1.02 -0.59 -1.39 | x/D=  4a.00
Z/C=  2.00 ~0226 =0a09 —0.07 0403 0430 0.43 0466 cpT 0227 ~0e23 ~Je20 —Ja08 —0.24 —0s43 3.20| 7Z/D= 2.08
FHI= 11.0 DEG Be®  0e9 1040 21¢3 30e7 2563 1149 | THETA 11e3  S5eB 30e2 5162 &7¢5 2444 10¢0 |PHI= 1940 DEG
R= 4405 085 067 0e96 099 1413 1.22 1.45 JUB/UINE 0.01 0e98 0495 1+02 1409 1lel4 1463 JR= 4400
DELTA= a5 DEG 0e02 0204 0403 0405 0402 —0a02 —040a | VB/UINF 3201 0e02 0e0 —0e01 ~0205 —0a02 0240 |DILTA= 60 DEG
UINF= 42, M/S ~0el3 —0401 O0elb6 0e39 0460 0a60 0425 |WBZUINF 0.07 0029 0¢55 0e77 0s77 0e45 022 | UINF= 4243 M/S
X/D= 7.00 0e0 =002 —0.03 0412 —0e39 ~0+45 —0e51 cp 020 —0409 —0.26 —0+45 —0+57 —0s42 -0459 | X/D= 6400
Z/70=  2.00 —0+26 —0.08 —0408 0403 0427 0.40 0467 cPT 0416 —0.12 ~0.04 De13 0426 Oell 1e15|2/D= 2.88
PHI= 11.0 DEG 9el 08 9eb 21.4 2Bel 26e& 10.7 | THETA 4.9 17.3 30e3 3741 35¢%5 21.9 Be2 | PHI= 13.0 DEG
R= 4.07 0e96 0498 1401 1409 1¢13 129 leal |UB/UINF 0¢98 0495 1400 103 110 1.17 1426 |R= ', 4.03
DELTA= 45 DEG 0203 0402 0406 0e02 040 ~0e02 —0402 |VB/UINF 0.04 =0s01 0e02 0403 0.01 0.02 —0.02 |DELTA= 60 DEG
UINF= 4149 M/S ~0.03 0405 024 0435 0e47 0443 029 |w8/7UINF 004 0415 0432 0e4d 0a54 053 0e41 |UTNF= 42,3 M/S
X/D= S.83 0e0  0e0 =0206 —0e21 =0+24 ~0e36 ~0432 ~0e02 —0+08 ~0e10 —0a23 —0230 ~0237 —0436 | X/D= 10400
2/0= 2.63 —0.07 —0402 0402 0412 0427 0450 0.75 ceT ~0.06 —0s11 0.0 003 022 0.30 0,40 | Z/D= 3.38
PHI=  $.0 DEG 243 5.4 1344 17.9 22¢9 191 12+3 | TRETA 2¢3 947 17ef 233 26e2 2446 1B.4 |PHI= 10.0 DEG
= 4,06 103 1.08 l1ell 1e16 1413 1426 1427 |UB/UINF 098 0099 104 1408 119 1.19 1e22 |R= 4405
DELTA= 45 DEG 0:¢02 0408 0402 0403 ~0a01 —~0e03 ~0.04 | VB/UINF 0.06 0.05 0e05 —0.03 -0.01 0.0 -0.,04 |DELTA= 60 DEG
UINF= a2.1 M/S 0405 0412 0420 0e25 0430 0e27 0e21 |WB/UINF 0el5 0.31 0e45 0454 0e54 0.26 022 UINF= 4243 M/S
X/0= 20400 —0.06 ~0408 —0ell —0si5 —0eld —0e18 —0418 e 0407 —0+09 —0a22 —0431 -0+37 —0.29 -0.21 | X/D= 10,00
Z70=  3.80 0.0 0410 O0¢16 0426 0¢23 0.43 0450 CPT 009 —0s01 0406 0.15 0635 0e34 0e34|Z/D= 3.88
FHI= 5.0 DEG 3eB 646 10e4 12¢2 1545 13¢2 1120 | THETA Be7 1742 23e3 267 2447 213 1le4[5HI= 10.0 DEG
= 4.05 1405 1e11 1612 1416 1421 1423 131 |ussuinF 1404 1400 1406 1.10 1412 1415 1423 |R= 4406
DELTA= 45 DEG 002 0401 0202 -0s01 —0.03 —0.03 —0403 | VBZUINF 0.02 0.08 0e0 0401 0«03 —0.01 -0e01 | DELTA= 60 DEG
UINF= 42,1 M/S 0e12 0419 0e27 0428 0427 0e22 017 | WB/UINF 0e07 0¢13 0.22 0430 0432 0.32 0429 | UINF= 42.1 M/S
X/0D= 20400 ~0407 —0el4 —0s14 —0e14 =0al7 —0s18 —0419 cP ~0.08 —0+08 ~0210 —0+16 —0+15 —0a20 ~0e24 | X/D= 19.84
Z/C= 4.30 0.05 O0ok4 0420 0428 0,37 0440 0256 coT 0403 —0.01 0,08 0.l4 0¢22 0422 0437 | Z/D= 4.75
PHI= E£.0 DEG 7e2 1040 13s8 14el 13s5 1le4 8.8 | THETA 4e7  7e7 1242 15e4 15+8 16+1 13,9 | PHI= 7.0 DEG
= 4.06 0e88 0e98 0e90 2e41 1464 0483 0080 |UBZUINF 0469 0e55 0465 0¢50 0495 2475 0.79 | R= 4,03
DELTA= 60 DEG ~0410 —0.10 0«0 0s01 0401 0401 0.02 |VB/UINF 020 —0e02 -0+03 0409 0e0 0e01 003 | DELTA= 75 DEG

L {UINF= a2.3 Mss 0e23 0494 1205 0e31 0e31 ~0e29 —0460 |WB/UINF | -0403 0s62 1416 1.22 0.48 0.90 —0.15| UINF= 41.9 M/S
X/0= 2400 —0e19 —1e13 —1.33 —2.12 -0.65 0.28 0.24 cp —0e38 —0.52 —1460 —1+B3 —1a72 —1e45 0415 | X/D= 2.00
Z/6= 2420 —0436 —0.28 —0+42 2.91 1417 0405 0.05 cpT 0490 —0282 —0e82 —1.06 ~1e57 6419 —0.20 | Z/D= 2411
PHI= 300 DEG 16e9 84.2 49,8 7.6 10e8 19.3 26.6 | THETA 3.5 4B.7 60e7 675 26+6 182 10¢5| PHI= 2840 DEG
R= 4403 0e90 0693 0493 2443 1457 0e81 082 |UB/UINF 3e64 0e73 0s65 070 0eT71 0472 2421 |R= 4,07
DELTA= 60 DEG —0.06 —0.08 040 0402 0.01 0e0 0s01 | VBZUINF 0«07 0.01 0403 0406 0410 —0.02 0.0 | DELTA= 75 DEG
UINF= 42.3 M/S 0e22 0496 1+01 0430 31 —0¢29 ~0439 | WB/UINF | —0e12 0¢14 0e64 1.02 0496 0451 0436 | UINF= 42.2 M/S
X/D= 2400 ~0423 —1405 1441 —2408 —0¢73 0429 0223 cp 0021 ~0o37 ~0e53 —1elé —1.58 —1402 —2.02 | X/D= 300
ZsC=  2.20 ~0e37 —0a23 —0+51 3.07 086 0404 0406 cPT 0478 —0e82 —0469 ~0459 —1al1a —1.24 2411 | Z/D= 2419
PHI= 30.0 DEG 1399 46e3 G742 7e6 11a2 1928 25.5 | THETA 11e1 1lel 44.5 5544 5345 3545 9e6 | PHI= 2249 DEG
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TABLE B2,- Continued

ZB/D ZB/D I
TEST ! TEST
COND ITIGNS ~1+5 —140 =045 0.0 045 1.0 te5 —1e5 =140 =045 0e0 0.5 1e0 1«5 CONDITIONS
|
I
0650 0e90 0693 0.95 0498 1402 1407 ‘UB/UINF 0¢95 095 0691 0s89 0.89 0489 0688 R= 4403
DEG 0.04 0403 ~0.01 —-0401 0.0 0402 -0402 | VB/UINF 0.01 0.02 040 0.0 0eOl 040 -0.01 DELTA= 90 DEG
M/S 0e0l 0e15 0e32 0e43 0.47 0.46 0.25  WB/UINF —0+04 =003 0.0 0.0 0602 0402 ~0.01 UINF= 422 M/S
—0e22 —0e27 —0e28 —~0e33 ~0e4l —0e47 ~0e50 | CP ~0el6 —0e19 —0e14 ~0e13 ~0el4 —0e15 -0s14 X/D= 19.78
—0e40 —0e84 —0431 —0+24 —0423 —0,21 ~0429 | _CPT ‘ —0e24 —0e28 —0e31 —0e33 —0,34 ~0e35 -0437 Z/D= 4475
DEG 0.8 Ge6 19¢2 24e8 2568 2441 13.9 1 THETA ‘ 4.0 249 3.3 3.3 3.5 3.5 4.1 PHI= 7.5 DEG
|
= 4.08 0489 0695 0696 1601 098 100 1402 | UBZUINF 0690 0692 087 0488 0694 1402 1.01 = 4408
DELTA= 75 DEG 0603 0006 0603 0404 0403 040 0.0 VB/UINF 0e0l 0602 0e0 =0e01 —0s01 040 0.0 DELTA= 90 DEG
UINF= 4240 M/S Oall 0e23 0e31 0e40 0.42 0035 0.29 | WB/ZUINF 0403 008 0e0 —0e04 —0e02 —0e05 ~0s10 | UINF= 423 M/S
X/B= 10400 ~0e19 =022 -0e29 —0e34 —0e28 ~0e31 ~0.26 cp ~0el5 —0620 ~0e10 ~0a10 =0e09 ~0e13 ~0.08 ' X/D= 19.88
Z/0= 4400 —0e38 —0e25 —0e26 —0e15 —0el8 =018 =0412 CcPT ~0e33 ~0e35 -0e35 —0e32 ~0420 -0e08 —-0405 | 2/D= 7400
PHI= 8.9 DEG 7e2 1365 179 21e4 2304 1945 1549 THETA 3.6 3.3 3.7 5e0 4ed 4.7 647 | PHI= 75 DEG
= 4.03 0097 1401 102 1401 16048 105 107 | UB/UINF 0e646 0029 031 0e12 0405 0605 0438 | R= 6405
DELTA= 73 DEG 002 040 0e01 060 =0e01 —0s02 -0401 | VB/UINF 0,03 -0e09 —0406 ~0el11 0409 ~0.23 -0.01 | DELTA= 105 DEG
UINF= 4243 M/S 0607 0609 Oelé 0e17 0019 0el3 0610 | WBZUINF 0435 0e62 0e68 0e65 0435 —0e06 —0404 | UINF= 42,3 M/S
X/D= 20.00 ~0el0 ~0el4 =0el1B8 ~0el5 —0e16 —0e16 =~0419 ~1e05 =1407 ~1e31 —1616 =125 ~1e07 -1.28 | X/D= 200
Z/D=  S.45 —0el5 —0el2 ~0el1 =0ell -0.04 ~0.04 ~0e02 CcPT ~1e51 —1e59 —1e74 —1e71 —~2e12 —2.01 -2414 | 2/D= 2450
PHI= 8.0 DEG Ge5 6ed Be6 1062 1140 8e3 6e5 THETA 28.3 6640 659 80«5 B82.1 801 7.4 | PHI= 19.0 DEG
= 4.00 0474 0073 0665 0054 0e45 0647 1el1 [UBZUINF 0e52 0eS7 04l 0626 0423 0.10 040 R= 4400 !
DELTA= 90 DEG —0e02 001 0001 0403 -0,05 —0.02 0.0 VB/UINF 0e05 ~0e02 —0e01 0el7 —0e05 Osll 0.01 [DELTA= 105 DEG
UINF= 4241 M/S 0el2 0e33 0659 0667 0653 0030 0406 [ WBZUINF 0¢25 0635 0e60 D0e61l Oe4S 0427 0el2 |UINF= 42.4 M/S
X/D= 6400 —0e49 ~0457 ~0465 —0473 —0e77 —0e71 —0.82 | P ~0e45 —0e65 -0e51 —0e45 =066 067 -0.64 [ X/D= 4400
Z/b= 3.01 —0.92 ~0e93 —0¢87 —1.00 —1e28 —1.40 —0459 cPT “1ell =1020 —0e98 —0+98 140 —1457 ~tu61l [2Z/D= 3,13
PHI= 18e.1 DEG Ge9 2443 42e1 5141 50.1 33.0 4.0 | THETA 2601 32.1 5543 6742 632 710 2.8 [PHI= 1440 DEG
|
R= 4403 0e82 0082 0.82 076 0479 078 0.90 | UB/UINE 0479 0e82 0e77 0e66 0663 0456 0e52 [R= 4408
DELTA= G0 DEG 0402 0401 008 060 =0.01 —0e02 —0.01 | VBZUINF 0405 0403 0407 ~0+401 —-0s01 —0.03 -0.02 | DELTA= 105 DEG
UINF= 4240 M/5 0e10 0Oel7 0217 0a28 0422 Oell 0404 | 4BZ/UINF 0s06 0ul3 0420 025 0e23 0«18 0ol |UINF= 4244 M/S
X/D= 10400 —0e23 —~0e26 —0629 —0427 ~0.30 ~-0.28 =027 cP ~0e23 =0431 ~0e36 —0e31 —0e39 -0437 -0a34 | X/D= 8400
Z/0=  4.45 ~0e54 —0e56 —0e58 -0663 -0662 —0467 —0+46 cPT —0459 ~0e62 —0e72 ~0eB0 —Je93 —1403 ~1.06 | Z/D= 3,97
FHI= 11.1 DEG 7e2 1240 1146 17e3 1549 Re 8 Ged THETA 4.5 9.0 15.0 21e1 20e4 1Be5 1246 |PHI= 1240 DEG
R= 4,06 0.85 0486 081 0eB1 0477 077 0490 | UB/UINF 0eB8 0,85 0eBl 0.76 0467 0461 0450 |R= 4404
DELTA= 60 DEG 0401 0605 040 0.0 0.0 =-0.02 -0.01 | VB/UINF 0e06 0e0l —0e048 D401 —0e02 —0402 -0.03 | DELTA= 105 DEG
UINF= 42.1 M/§ 006 0el3 0615 0420 0.l 0617 0402 | WB/UINF 0407 0¢12 O0el7 0.18 04l 0eld 0.06 | UINF= 4244 M/S
X/D= 10.00 ~0e26 =0e32 ~0e29 —0e32 -0429 —0428 —-0.29 cP ~0e20 —0e22 ~0e20 ~0627 —0e22 -0420 ~0e22 | X/D= 10475
2/D= 4.45 ~0e52 =056 —0e60 —0e61 =067 —0e65 ~0448 cPT ~0e42 —0e48 —0e51 —0s67 —0e75 =081 ~92¢A5 | Z/D= 4455
PHI= 111 DEG 4.5 Be5 1le0 13.9 13.7 13,2 3.7 THETA Get 8.0 13.1 138 13.1 13.2 Ae3 | PHI= 10.0 DEG
R= 4407 083 0088 080 0475 0482 0.82 0.89 | UB/UINF 0485 0479 0e83 078 0469 0e63 0e62 |R= 4405
DELTA= S0 DEG 0402 0e02 0401 040 =-0401 ~0401 0.0 VB/UINF 0e03 0003 =0e32 —0e04 —0e05 0401 -0.03 | DELTA= 105 DEG
UINF= 42.1 M/S 0.02 0a10 0e21 0e23 0018 0.09 0.04 | WB/UINF 0408 0e13 0el5 0616 0Oel5 0408 0s06 | UINF= 42,5 M/S
X/D= 10400 ~0e32 —0e32 -0e32 ~0s26 -0e37 =031 -0.28 P ~0e18 —0e19 —0e248 —0e28 -0428 —0e24 —0.22 | X/D= 10475
2/D= 6445 ~0e53 —0e53 —0eb3 ~0.64 —0.67 —0463 ~0.48 cPT —Je46 =0.54 ~0e53 =065 —0e73 —0eB8 =083 | Z/D= 4455
PHI= 1le1 DEG 1.9 GeB 16a6 1740 1247 649 3.7 THETA Se7 Fel 11e2 12.9 1540 7.8 7.9 [ PHI= 10.0 DEG
a. Cold jet, TJ/TINF = 0.90
b. Hot jet, TJ/TINF m 1.22

g XIaNdddV¥
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TABLE B2.- Continued

267D 2870
TZET TEST

CCRDITIONS —1e5 =140 =045 0¢0 045 140 15 145 -1+40 =05 040 0e5 140 1.5 | CONDITIONS

R= P 0.92 0eB6 0487 0485 0e81 0480 0479 | UB/UINF 0497 0.95 1.04 1.10 1.36 1.38 2.04 |R= 8400

DELTA= 105 DEG —0.01 —0s01 040 0.0 —-0401 -0+01 —0202 | VBZUINF 0.01 —0.01 —003 —0s01 0401 —0.02 -0.02 |DELTA= 60 DEG

UINF= 42.5 M/S 0238 0405 0405 0405 0403 0e0 -0.04 | WBZUINF 0402 0.23 0468 0470 0478 0.68 0437 |UINF= 37.9 M/S

X/0= 20+34 —0410 —0209 —0all —0els —0Oelb —0el3 —Dall ce 040 —0s08 —0s41 —0486 —1427 —1413 —1.66 | X/D= 7.00

Z70= “=.57 ~0e25 ~0e38 —0e35 —0s82 —0.49 —0.49 —0.48 cPt ~0¢06 —0409 —0e0B —0215 0422 0.28 1.69 |2/D= 5.17

PHI= 7.0 DEG 4e7 Bed 5.0 4e7 540 el 5.6 | THETA 2.0 13.6 2448 32.7 2343 2645 107 |PHI= 29.0 DEG

= 8.01 0095 0099 1404 1420 146 1.94 3.52 | UB/UINF 099 1.03 1408 1.03 1¢23 1.41 1.48 |R= 8400

DELTA= 45 DEG 0:01 0s0 0204 0a06 0a0l ~0e02 —0403 | VB/UINF | —0401 —~0a02 -0402 0402 -0405 0401 —0404 | DELTA= 50 DEG

GINF= 38.0 M/S 0220 0408 Os11 0«45 069 0e49 031 | WB/UINF 0e13 0429 0448 0466 0663 0.5 0.44 |UINF= 38.2 M/S

X/D=  7.00 0.02 0402 —0.02 —0.35 —0.88 —1+50 —3.14 cp 0407 —0221 —0a41 —0458 —0.79 —0.97 -0.84 | x/D= 3.93

270= 3.€1 ~0e04 0401 0407 0.31 0.74 1.57 B8.87 cPT —0e07 —0.05 00 ~0407 0420 0432 056 | 2/D= 6450

PHI= 25.0 DEG 1169 5.4 6.3 20.3 25.3 184.5 5.9 | THETA 8e0 1642 28e3 32.5 29«5 20.9 171 |PHi= 24.0 DEG

R= g401 1400 1402 110 119 140 163 2.35 | UBZUINF 0497 1.02 1.04 1.06 127 1434 1.28 |R= 7.98

DELTA= 45 DSG 0<01 001 00 040 0+01 0002 —0+01 | VB/UINF | -0202 0e03 —0ell —0201 -0.03 —0.08 —0.03 | DSLTA= 60 DEG

UINF= 37.6 M/S ~0e10 0401 0218 0e38 0.51 0445 029 | WBZUINF 0el2 0.31 0487 0e61 0e56 0e61 0e8a |UINF= 38.1 M/S i%
X/D= 10400 0401 0201 —0.12 =029 —0.57 -0.83 —1.54 cp 0401 ~0e13 -0.35 ~0.62 -0.94 ~0.85 -0.35 | X/D= 10.00 o
2/0= 4.73 0+01 0406 0el13 0427 0.66 1.04 3417 cPT ~0.06 0a0 =~0004 ~0a11 O0e12 0.3& 0455 |Z/D= 6.50

PHI= 2140 DEG 6e0 244  9eB8 18e1 20.0 15.6 7.7 | THETA Bel 16e7 2546 30e3 2R.0 2448 1649 |PHI= 24.0 DEG Eg

]

= 7.69 1006 107 1409 1612 1417 125 1.38 | UB/UINF 1404 1e10 1e16 120 1lel6 128 1.23 |R= R.02 =
DELTA= 45 DEG —0e0L 0e0 0e01 00 0s0 —=0s01 —0s01 | VBZUINF | -0202 —0.09 —0.06 —0.08 ~0.09 —0.05 ~0.02 |DELTA= 50 DEG

UINF= 38,0 M/S 0408 0.15 0.23 030 0.33 0430 0.22 | WBZUINF 0e26 0.36 0439 0.45 046 0e37 0429 |UINF= 38.1 M/S w
X/0= 19.99 ~0407 =0a12 ~0e13 —0420 —0e27 —0233 ~0.47 cp ~0e15 —0e23 —0240 ~0a4l —0+29 —0a36 —0433 | X/D= 19.98

27D=  7.37 0206 0405 0«12 0o15 0e21 0433 0s50 cpT 0.0 0.11 0.11 0.24 0.27 0,42 0420 |Z/D= 9.66

PHI= 1E.1 DEG 5.0 Bed 12+3 1541 15e1 1421 9.9 | THETA 14e8 19.5 19+4 21s6 22.8 17.0 1440 |OHI= 15.0 DEG

= €.00 08B0 0a95 1409 1¢16 5e63 6477 0.67 | UBZUINF 083 0.80 0691 1404 471 3488 0.51 |n= 3,04

DELTA= 60 DEG 0.01 —0+01 0«12 006 —0.40 —0a23 001 | VB/ZUINF 020 =0.02 -0401 —0.07 —0.03 —0.08 0.08 | OELTA= 75 DEG

UINF= 38.3 M/S 0252 -0026 0430 1421 1264 1466 —0.47 | WB/UINF 0+26 0493, 151 126 0479 128 —0.48 |UINF= 38.0 M/S

X/D= 2400 —0.06 —0all ~0¢47 —1+84 4289 3.29 029 cp ~0256 =110 —2471 —2.89 ~5.15 ~1+33 -0.19 | x/D=  2.00

/D= 1.57 —0elé —0al3 —0e17 —0.02 42421 29496 —0+04 CPT ~0.81 ~0458 ~0e59 —1.23 18.43 15.28 -0.58 | 2/D= 3.88

PHI= 41.0 DEG 33e3 155 159 6642 17¢3 1946 35.3| THETA 17¢8 39.8 5849 50el 9e7 18e5 3A.5 |PHI= 5140 DEG

= Re 01 0eB2 0.9 1.06 1.22 5257 4468 0468 | UBZUINF 082 0e89 0489 0099 1404 1422 3402 |R= 7499

DELTA= 60 DEG 0402 0a0l 0+06 —0405 —0e31 —0ald —0401 | VBZUINF 0.01 0.03 0.04 001 0.02 -0.09 0¢0 |OELTA= 75 DEG

UINF= 38.2 M/S —0e53 ~0e27 0.33 1226 168 177 —046 | WB/UINF 0408 0e4dl 0484 1417 1421 076 0436 | UINF= 3846 M/S

X/D= 2400 —0208 —0a11 ~0443 —1a71 4279 3295 0.27 cp ~0e17 —0e47 ~0aB7 ~1476 —1291 -1.97 -4.29 | Xx/D=  a.00

27D=  1.57 0413 —0.15 0420 0.40 41436 25.99 ~0.05 éer —0.48 —0e50 —0e36 —0a40 —0.32 —0490 6.22 | Z/D= 4.9

PHI= 41.0 DEG 3248 1549 17e2 4640 17¢5 20e9 3a¢l | THETA 6.0 24.6 83.5 49.9 49.3 32.3 7.0 |PHI= 42.8 DEG

= 7.54 3¢61 0496 0.95 0493 1417 2448 5.06 | UB/UINF 3¢81 0.82 0eB7 0486 1+02 1.08 2463 |r= 8.02
DELTA= 60 DEG 0202 0e03 0406 02+03 —0s07 —0+04 —0ali | VB/UINF |.—0e02 —0.01 0.04 0403 —0.02 —0.07 0.02 | DELTA= 75 DEG

UINF= 37.5 M/S —0.20 0405 046 0.97 1410 0.44 1401 | WBZUINF 0209 0.42 0480 1420 1e25 0497 0+46 | UINF= 38.6 M7S

X/D= 4.00 0202 —0e04 —0227 —0486 —1.77 ~3476 —4410 ce 0219 —0e31 —0e90 ~1467 -2205 —1.75 ~3.76 | X/0= 4.00

Z/0=  3.46 —0ell —0Oell -0o15 =008 —0a16 1473 26400 cer —0.51 —0e86 —0.49 —0.48 —042 0472 2.56 | Z/D= 6.94

PH1= 37.0 DEG 12¢6 340 25¢9 46el 43¢4 10e4 11e8 | THETA 629 27e3 4244 54¢3 5049 43.2 10.0 | PHI= 39.1 DEG
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TABLE B2.- Continued

zB/D ZB/D
TEST TEST

CORDITICNS —1e5 =—1e0 =0.5 0.0 0e5 1.0 15 ~1eS =140 =—045 0.0 05 1«0 1e5 CONDITIONS

R= 759 De96 0496 0493 0a98 097 06493 1.09 | UB/UINT 0636 0691 0s91 0498 1407 105 0699 | R= 8.00
DELTA= 75 DEG 0e¢d9 Oell 0601 0612 -0.01 —0401 0402 | VBZUINF 0603 0el13 ~0e06 0402 0401 ~0401 -0.07 | DELTA= 90 DEG
UINF= Z1e4 M/S Oedl 0S5 0e73 0.81 0e88 0483 0.67 | WB/UINF 0e58 0e72 0783 0077 0468 0058 0645 | UINF= 2140 M/S
X/0= 10.00 —0e25 —0e38 ~0e50 =085 —070 —0+68 —-0469 cP —0e47 —0e53 -0e60 —0488 -0485 —0a48B0 0457 | X/D= 9450
Z/D= 8.29 —Qel6 =0el14 =0ell ~0es21 0604 —0e12 —0s06 CcPT ~0e22 ~0e16 =0el6 —0e29 —0e25 =036 =039 | Z/D= G470
PHI= 1G.1 DEG 230 295 3863 3946 42.3 41.9 31.7 THETA 30e9 3B8e3 408 3863 3244 292 2545 | PHI= 2244 DEG
R= 5400 0e35 0657 0e96 097 099 102 116 | UB/UINF 1e06 0487 0693 0497 087 0699 1408 |R= 307 d
DELTA= 75 DEG 0e¢01 00 =0e04 =04048 —-0.01 —-0.0% 001 | VB/UINF —0e04 —-0s08 -0408 —0.06 040 -0o04 —-0.03 | DELTA= 90 DEG
UINF= 31eG M/S 0e40 055 Qea70 0Qea8l 0487 0480 064 | WB/UINF 0649 0673 0478 075 0675 061 037 | UINF= 21al W/S
X/0= 10.00 —Q0e23 —0e46 ~0e58 ~0eB0 —0482 ~0s75 —079 cP —0e69 =034 —0e63 =080 =065 ~0e63 ~0.74 | X/D= 9.50
2/7D=  £.20 ~0al17 —0423 ~0el6 ~0421 —0.07 =007 -0.02 CPT ~0e31 =005 =0elS —0e29 —0e32 =0429 -0.83 | Z/D= 970
PHI= 1G6.1 DEG 232 2Ge8 3644 40¢3 4l1e3 3843 2940 THETA 2542 40e4 40e4 38e1 4046 32.0 1946 | PHI= 22.4 DEG
= 2,03 0699 0094 Je96 1403 0699 1400 1el7 | UB/UINF De95 1e02 0491 1406 1405 1610 1412 | R= 802
DELTA= 75 DEG 0e607 0610 0402 0407 -04048 0402 —0.06 | VB/UINF —0e02 —0602 ~0e08 —0s04 —0s403 -0.04 0.04 | DELTA= 90 DEG
UINF= 2148 M/S 0e38 0658 0e72 0079 089 079 0a62 | WB/UINF 0457 0670 0e77 0e75 0ae68 0eS7 0445 [ UINF= 3145 M/S
X/D= 1000 ~3e26 —0e36 =0a55 =089 —0e73 —0e76 —-0.85 —0e89 ~0e67 —0a6S5S ~0489 =084 =080 -0.78 | X/D= 9450
Z/0= B.22 —0el12 —0el2 ~0ell =020 0406 -0.15 -0.09 CPT —0e26 —0e14 -0620 =021 —0e26 =025 ~0432 | Z/D= 970
PHI= 1S«1 DEG 2068 3le5 370 37¢3 4262 383 2845 THETA 310 3945 4048 3S¢4 3361 27.7 21.8 | PHI= 22.4 DEG
= €eC2 04696 Qe97 0695 0695 100 1.06 1lael4& | UB/UINF 0495 0e93 099 0098 101 1.01 1.01 j R= 7299
DELTA= 75 DEG 0406 002 =008 0404 040 0«02 -0.01 | VB/UINF —0e03 000 =040S 060 =-0407 -0401 -0,02 || DELLTA= 90 DEG
UINF= 3Be2 M/S Oedl 0058 0475 0eB5 0691 080 069 | WB/UINF 058 0670 0e77 0478 0e77 0468 04501 UINF= 3840 M/S
X/D= 10400 =0e22 =0e39 =057 —=0a77 =0481 —0.84 -0.74 =004l —06s61 ~0e83 —0e82 —0e83 —~0e76 ~0.58 | X/D= 9450
2/C= E.20 ~0el3 —0all —0408 —0el2 0602 —0+407 005 cPT ~0el16 —0e424 ~0e24 —0a25 ~0e21 —0428 —-0.31 | Z/D= Q472
PHI= 1Sl DEG 23e3 30e8 3942 41e8 42¢4 3648 3le3 THETA 31«8 37.1 3B.4 Ted 3745 34,1 2669 | PHE= 22.4 DEG
RF= 7469 1406 1412 1406 1ell 1e17 106 1s11 | UB/UINF 1604 1409 1407 0697 1407 1402 1405 |R= Re00
DELTA= 75 DEG —0e04 —0e05 0002 —0.08 -0.03 —0.03 0.01 { VB/UINF —0e05 —0401 -0e01 ~0402 =001 -0.01 0.05| DELTA= 90 DEG
UINF= 37.9 M/S 0635 0e41 Je47 050 06487 0e44 0037 ] WB/UINF Ded48 0045 042 0038 O0e31 021 0408 | UINF= 38,1 M/S
X/D= 20.00 —0e24 —0e38 =041 =082 -0.49 —033 -0.36 cpP —0e39 —0e42 —0e81 ~0s26 —0a34 ~0e32 -0425 | X/0= 20.01
Z/D= 1l1.50 Ue 0O 0605 —0e404 0e06 0010 ~0.01 0.02 CPT —0ell —0e02 —-0010 —04l16 -0409 -0423 =013 | Z/D0= 18400
PHI= 170 DEG 1833 2048 284 2542 2244 2341 18.6 THETA 23e5 2248 2148 217 16+5 12.0 442 | PHI= 1547 DEG
R= 7463 0678 0e76 0684 0671 1.02 0685 1a05 | UB/UINF 0.98 1le02 1e02 103 1400 1409 1e12 | 8= 8400
DELTA= S0 DEG 0e03 0001 0003 —-0403 -0405 0609 ~0.02 | VB/UINF =003 —0405 =003 —0402 -0e02 060 =-0.05 | DELTA= 90 DEG
UINF= 38e1 M/S JeS7 0690 1209 1418 1e1E 1402 0457 | WB/UINF 0e29 0437 0043 0084 0451 0445 0443 | UINF= 38.1 M/S
X/D= 4400 ~0e32 =0e57 =1¢38 =160 =1498 =135 —137 P <0615 =0e21 -0e27 =0e37 —-0e28 =0450 —-0e46 | Xr7D= 20002
2/70= €456 —0e43 —0el7 =0e47 —0e69 ~0e61 —0.59 —0.93 CPT —0e10 —0s04 ~0e04 —0s10 —-0e01l —0al0Q -0.01 | Z/D= 11475
PHI= J4S.) DEG 36e1 898 5243 5942 48.6 S5S0e1 2866 THETA 17¢2 2008 23a5 23e3 2741 225 21.8| PHI= 1S.7 DEG
R= Be02 0698 1400 1400 096 0.99 0.91 1.05 | UB/UINF OeBl 0e77 0679 075 0e92 0675 0454 = 8.02
DELTA= S0 DEG —0401 O0e0l 0401 0603 -0404 —0403 -0401 | VB/UINF 0e02 0e15 0.0 0403 —0e04 0e0 =010 ] DELTA= 105 DEG
UINF= 21al1 M/S 0e36 0Qe66 074 0e78 0465 0466 0446 | WB/UINF 0a79 0092 1413 1415 0693 0488 0477 | UINF= 3843 M/S
X/D=  9.50 —0e52 —0e75 =048l ~0,82 -0.78 —-0464 —0.60 —0e57 —1e31 ~1e67 —1e81 —2e21 =163 -0468] X/0= 3.00
Z/D= 9.70 —0e24 =0430 —0e27 =0e3I0 —0432 -0+39 ~-0.28 CPT ~0e29 —0eR5 —0e?75 —~0e90 —1e49 —1.29 =078} Z2/D= 7.50
PHI= 22«4 OEG 299 3343 3664 3869 33.7 30e2 23.8 THETA 4440 S50al 553 5669 45,4 49,4 5S5,5} PHI= 33.0 DEG

c. Cold jet, TJ/TINF m 0.90
TJ/TINF = 1,15

d. Hot jet,

g XIANdddVv
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TABLE B2.~ Concluded

y4:745]
TEST

COND ITICNS =145 =1le0 =0.5 0.0 0e5 1.0 1.5

= 8401 0«90 0461 0e70 067 0297 0470 0.82 | UB/UINF
DELTA= 105 DEG 0e¢08 ~0e01 0el7 002 004 0006 —0el4d | VB/ZUINF
UINF= 32840 M/S 0e59 0e91 1el0 1el7 0687 1601 078 | WB/UINF
X/C= 4400 —0e57 =0e55 ~0e83 =1el84 —2,02 ~1437 -1.15

2/70=  7.94 =0e40 —0e35 —0e10 —0e31 =131 —0a85 ~0.83 cPT
PHI= 2843 DEG 33.1 56e3 5746 600 41e9 5540 44,5 THETA
= 7«99 0490 0698 0090 0485 0691 0687 0475 | UB/UINF
DELTA= 105 DEG 0602 003 0002 0602 —0e02 =003 ~0.07 | VB/UINF
UINF= 3842 M/S Qe37 0e49 069 073 0.71 Qe68 0a74 | WB/UINF
X/D= 8400 =0e19 —0e38 ~0639 0458 =082 —095 —0464 cp
Z/0= 6420 —0e24 =0al18 ~0e10 —0e32 —0¢429 —0e72 ~0.52 CPT
PHI= 23.0 DEG 2243 26e6 37e3 41e0 3Be0 3749 45.2 THETA
R= 800 0697 0e91 087 0497 0296 0.85 080 | UB/ZUINF
DELTA= 10S DEG 0e¢03 ~0s09 040 =0605 ~0+410 —-0+04 —0.05 | VB/UINF
UINF= 38.1 M/S 0e87 0463 0e70 0667 065 0671 0059 | WB/UINF
X/D= 803 —0e44 —=0s48 ~0s6]) ~0.86 —0496 —0e89 —0.79 cP
Z/70= Ge82 =0028 =025 =0e35 —0e47 —0e60 —0e65 —0.80 ceT
PHI= 23.0 DEG 25«7 3Se3 3848 3540 34.8 A40e.1 36.8 THETA
= £.01 06492 097 091 0e85 1400 108 0485 | UB/ZUINF
DELTA= 105 DEG 0603 0e¢04 —0602 ~0+03 0.0 =0401 0.02 | VB/UINF
UINF= 3843 M/S 0e43 0652 0e61 067 0062 0054 0458 | WB/UINF
X/70= 10.€9 =~0e20 =035 —=06437 =047 =077 -0489 —-0e61 cP
Z/D0= 10447 =0e17 =0el3 ~0e16 —0e28 —=0437 ~0452 —0.55 cPT
PHI= 19.0 DEG 2541 28el 34el 3843 3261 2744 34.5 THETA
= 7496 0495 0493 0494 0e92 089 0285 1403 | UB/UINF
DELTA= 105 DEG 0603 0e04 0e0l —0603 -0402 -0.08 -0.06 | VB/UINF
UINF= 38.4 M/S 0444 0655 0655 0666 0467 075 056 | WB/UINF
X/C= 10469 ~0e22 =0e31 —0e51 —0e52 -0459 —0e48 —-0.80 cP
270= 1047 ~0e12 =0el15 =0e32 —0e22 —0e34 —0418 —0e4al CcPY
PHI= 190 DEG 249 3065 306 3660 37e3 4148 2940 THETA
R= 796 0e93 1600 09/ 0690 0083 0686 102 | UB/UINF
DELTA= 105 DEG 0«01 0.0 0603 —0e404 0402 —0e02 -0e04 | VB/UINF
UINF= 384 M/S 0e¢43 0451 0e62 0e63 0672 059 0452 | WB/UINF
X/D= 10475 =025 =086 =0640 —0e49 -0e45 —0e64 —0.85 cP
Z/0= 10e47 =0420 =0620 ~0+08 —0e28 -0e23 ~0.55 —-0.53 CPY
PHI= 19.0 DEG 28449 2649 3245 3546 40.9 38.5 27.4 THETA
R= 2400 1e03 0e94 099 0496 0696 091 093 | UB/UINF
DELTA= 105 DEG Oe0l =0e03 =001 =007 0403 0.0 0.0 VB/UINF
UINF= 3Be.4 M/S 0633 0e40 044l 0639 00844 039 035 | WB/UINF
X/D= 20«0 ~0s30 —0e20 =0e30 “0e34 —0435 =030 —0.33 ce
2/0= 13449 0613 =0e15 —0el4 =025 —0e24 —0433 -0.34 cCPT
PHI= 14.0 DEG 1802 2346 2249 23¢4 2%e0 23a6 20e8 THETA

o
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»
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Figure B2.- Symmetry plane velocities in vortex-curve vicinity.
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TABLE B3.- TABULATED VALUES OF SYMMETRY PLANE VELOCITIES

AND PRESSURES NEAR JET ORIFICE

zgsc zZ0/0
TEST TEST

CCNDITIONS -1e8 =140 -0e5 0.0 05 1.0 le5 -1e5 =10 =-0.5 Ol 0e5% 1.0 145 CUNDITIONS

R= 4e01 0627 0459 0632 143 1,40 3,97 0438 | UB/UINF De28 0e484 0659 .80 119 1491 4402 JR= 4.07

DELTA= 90 DESG Vel0 0403 0.0 0e0S =N, 048 —0.07 ~0e08 | VB/ULINF =002 —0202 —0el8 -0.07 -0.05 008 0405 |DELYA= 90 DEG

UINF= 43,2 M/S —0e72 ~0eH2 ~0403 0620 Ded6 —0e61 -0.24 wB/UINF —0e€E ~0a.66 —0464 —0.35 0.34 De 08 ~0466 UINF= 4343 M/S

X/D= 1.07 —0a54 =102 ~1e74 =3al1 —4,24 =0.32 Q.42 CF —0e59 =083 =095 =162 —3.03 -4.14 —0+39 | X/D= 150

Z/D=  0.97 —0493 —1479 ~1.03 —2.00 —2.85 15,80 -0438 cPY ~1e07 =1421 —~1.156 —1485 —2.49 —~1.43 16428 | Z/D= 0494

PHI= P7.8 DLG 69.4 4642 1402 B.l 183 3.8 33.5 THETA 67e4 S55.5 47.9 24.3 15.9 2¢0 Ge3 PHI= A7.8 DEG

R= 4.01 Oe 36 Je D2 Je Q@2 1413 1.28 4,07 1223 UB/UINF 0+ 54 De72 0e69 0429 1. 10 2.61 0e66 R= 4404

DELT A= 90 DEG ~0e04 —=0D403 ~0.04 0e03 —0.01 —0402 —-0.08 VB/ UINF —0.12 0eO1l =003 —0410 =-0.02 Oed 001 DELTA= %0 DEG

UINF= 43,2 M/S —0e71 -0462 -0,38 O0.12 0e69 —0,46 —0406 | WB/UINF -0 .06 NelS 1622 103 0e59 143 — 0420 L UINF= 42 .4 M/S

X/ D= la13 ~0e4E3 —0ef3 —1656 -2¢57 —3a83 —0e€3 —0.07 CF —0edh —1429 ~2,38 —2.25 ~2,32 =0e2! De36G X/D= 1.09

Z/D= Q.96 —0 89 —1e16 ~1.57 =226 —2.70 15486 O«86 cPY “1eaS3 —1435 =1e37 =207 =1.76 773 =013 2/0= 1,87

PHI= €7.8 DEG 6le8 50.1 22.4 6.1 2R.3 6.5 S8 THETA 1547 4243 €E0+€& 6Ge3 28,2 29,3 1646 | PHI= 35.6 CEG

R= Q401 029 0.50 Ca71l le 06 1.36 407 2453 UB/UINF 0622 078 0.71 0.45 Q.41 3.10 102 R= 4402 »

DELYTA= 90 DFEG ~0+06 —0a203 —0.02 —0401 0.04 -0.048 ~0404 | VBZUINF ~0629 =082 0622 0406 0,02 90403 -0.02 | DELTA= 90 DFG )

UINF= 43,3 M/S —0e75 —0e€6 —0.50 0639 Jo71 —2433 -04196 | WE/UINF —0e39 0622 0s95 1425 0477 1423 0034 JUINF= 42,38 M/S g

X/0= 1l.19 —0e45 =090 —1426 —2.36 87 =0e91 —04€E€ cp —0e40 —1e20 ~2,01 =243 -1.92 -2.54 =032 | X/D=  1.24 Eg !

Z/D= Qe 96 —Je79 -1e20 =151 =222 =2442 1550 4455 cPT —lell —1¢55 -1e56 =1e52 —2.15 8«08 =017 {2z/0D= 1.67

PHI= 87.8 CEG 6848 52.8 35.C 4.7 27.2 4.6 43 THETA 60 e6 1640 S340 7002 616 218 18,€ | PHI= 35.6 LCEG E‘ -
-

R= 4401 026 0e48 062 0.98 1¢40 4. 09 3 2€ UB/UINF w

DELTA= 90 DEG —0.07 -0403 040 0e0 =0.02 —0.04 -0407 | VBZUINF

UINF= 43.4 M/S ~0e74 —Qe71l =057 —0e0C5 0s865 —0e21 —0.48 | WE/UINF

X/0= 1426 =0040 ~0e68 =1e15 —2e12 -3.,78 —1426 -0471 CcP

Z/D=  C.S6 =0e78 —0e95 =1443 =2.16 —2.37 15470 10 .39 cPY

PHI= 87.8 DEG 705 55.8 42.2 2.9 24.5 3.0 8.3 THETA

R= 4,0t 028 048 0448 1400 1443 4,07 3473 | UBZUINF

DELTA= SO DEG Oed =0e405 =007 002 —0402 —-0+01 =003 | VB/UINF

UINF= 43.5 M/S —0e76 —0eS4 =073 —0e14 0662 —0e17 =075 | WB/UINF

X/D= 132 —0e33 =100 —0e477 =208 —3.63 -2429 —-0e12 cP

2/D= 0S5 —0e67 —1047 =-1,00 —=2.06 —2.18 14,41 14.16 CFT

PHI= B87.8 DEG 6946 48.7 57.0 7.8 23.4 2.5 1lle4 THETA

R= 4. 06 0427 0043 0445 0.91 1«37 3.61 3.85 | UB/UINF

DELTA= 90 DEG —0eC5 —04C4 —0e06 —0e05 —0+95 0,06 —~0.,03 } VEZ/UINF

UVINF= 43.3 WM/S —0e78 ~066 =0e71 —0e15 057 —0e24 ~0.81 | WB/UINF

X/D= 1437 —0e¢21 =0a78 —0e78 =189 —=3,37 =321 0.07 cP .

Z/70= 0.95 —0e62 —lealS —1a07 =203 =215 9¢62 15,90 ceT |

PHI= 87 .8 DEG 70«8 57e1 S7.7 10.1 22.6 3.9 1l1.8 THETA i

R= . 4405 028 Deal 0458 063 1435 2467 3.94 |UB/UINF

DELTA= 90 DEG ~0ae12 —~0405 -0e610 —004 0.01 —0.03 0403 | VB/UINF

VINF= 43.3 M/S =0463 —0e81 =0e53 —0e33 0438 —0421 ~0a76 | WB/UINF

X/7D= 1le 44 ~0e70 —0e85 —1ell —1a72 ~3,24 -3.77 -0e16 ce

Z/D= 0.94 —1e22 —0e61 =149 =242]1 ~2.25 2462 16,01 CPT

PHI= 87.8 DEG 6602 63e3 42.9 2729 15.9 4.7 1045 THETA
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TABLE B3.- Concluded

23,0 zB/D
TEST

CONDILTIONS =15 =140 0.0 045 ~1eS =140 =—0e5 0.0 05

R= 8404 0s17 0,18 0«28 4,52 UB/ U INF OelS 0el9 0620 023 0424

DELTA= 90 DEG —0e06 ~-0405 007 0.04 vB/ULINF 0e08 —0405 —0403 -0.08 -0.19 DEG
UINF= 21.7 M/S —0e 65 ~0465 ~0+54 -0.41 WB/U INF —0a64 —0e73 =063 —0e61 ~Je43 M/S
X/D= 1401 —0e15 =022 —0.38 —1.89 cp —0e13 -0404 —0418 -0431 -0.49

Z/D= 0.97 —0.70 —=0.76 —1.00 18.11 ceT —0e€9 =048 —0e67 -0488 -1.21

PHI= 87.8 DEG 75.4 74.8 6245 Se3 THETA 772 7546 7346 6943 6249 DEG
R= 8.05 O0e¢13 0419 0.31 2.21 UB/UINF Oel7 0017 0419 023 030

DELTA= 90 DEG 003 0.03 0.07 0.09 VB/UINF —0el0 —0407 —0.06 Qe01 —0405 DEG
UINF= 217 M/S —0e €6 —0.71 =050 —-027 WE/U INF ~0e52 —0e69 =068 =0e71 ~0.49 M/S
X/D= 1407 ~0e09 —0.12 ~0e42 - 164 cP —0e36 ~0.05 —0el7 =016 -0.45

Z/D= 0697 —0e64 =059 -1.07 2.36 cPT —1405 =0.58 —0e67 =060 ~1all

PHI= 87.8 DEG T78eE 7Sal 58.8 73 THETA 7242 763 T4el 7T72e¢l 5843 DEG
R= 8401 Oe11 0Qel19 0.27 086 UB/VUINF 0452 0082 1403 7457

DELTA= 90 DEG -0.01 =003 0«13 0.03 vB/UINF —-0e38 DEG
UINF= 21.8 M/S -0e64 —0.67 ~0.64 —0.C4 WE/U INF . M/S
X/D= 1.13 -0as12 ~0.18 -0+26 —1.64 cP

Z/D= (.56 —0e70 -0.69 =077 ~1466 CPT 63.88

PHI= 87.8 DEG 799 T3e9 67.6 249 THETA 32.7 264 5149 4640 1745 DEG
= 8.03 0«18 0415 0e26 0.E€4 UB/UINF 0.529 0.85 0.91 1.06 3.34

DELTA= 60 DEG 0.03 -0.07 0,03 -2.15 VB/UINF =0e02 =002 =Ce06 -0403 —0.20 DEG |
UINF= 218 M/S —0e59 -0e475 ~Ce€8 0407 WB/UINF | —0437 0403 0.80 1453 0.99 M/S
X/D= 119 —0.28 0403 ~0e16 ~1.35 —Je35 -Je75 —1456 -3.84 =-7.07

Z/7/D=  0.%96 =050 -0.38 —0e63 —-1.91 CcPY =087 =1+03 —1.10 =135 44285

PHI= 878 DEG 73«3 7845 6848 1445 THETA 32.2 3.0 41448 5S5¢3 170 DEG
= 8.13 O0s12 0417 0.24 0.30 UB/UINF Je63 DJe€6 0483 0.83 3,60

DELTA= 90 DEG JeC4 0.0 -0e05 0e12 VE/UINF ~0407 0410 0417 =003 -0.10 DEG
UINF= 2147 M/S =074 =-0472 —0s67 0431 WB/LINF 0.19 1.01 152 1456 0.99 M/S
X/D= 1.26 Q0el5 -0.06 —0.20 —0.94 P —0eE55 —0e97 —3e5]1 —3e67 —E8461

Z/D= 0456 ~0028 —0%1 -0e68 —1.74 CFY —1e1l =050 —1447 —1e53 452

PHI= 87.8 DEG 8045 76.5 70.2 4747 THETA 179 5648 61e3 620 1546 DEG
= Be 03 0el12 0.21 Oe?4 Q35 uB/U INF 0476 De76 067 079 1.08

DELTA= 90 DEG =005 00 0.0 Oell VBZUINF —0e05 003 0406 -0601 —0.12 DEG
UINF= 217 ¥/S —0+66 -0465 —0+69 —0.26 wB/UINF -0405 0.51 134 1.66 1425 M/S
X/0D= le32 =006 =0.23 —-0.18 -2.82 ce —0+43 —048G —1454 2,16 -4.08

2/D= 0.95 —0e61 -0.7€ -0.64 —1.€2 CPT —0e85 —1205 =029 ~1a77 —2.33

PHI= 87.8 DEG 79«7 722 71.0 3.4 THETA 6ol 33.6 634 68446 4946 DECG
= 8.07 0013 Da2C 0.23 J.31 uBs/ U INF

DELTA= 90 DEG =004 =0402 —0.013 -0.C3 VB/UINF

UINF= 2146 M/S =067 =0.72 —0e.72 -0.50 WB/UVINF

X/D= 1.38 =0e04 —Jsl2 —0s16 —0e42 cP

Z/D= 0495 ~0e57 -0456 —0e59 —1.,08 cPY
PHI= 87.8 DEG 79«1 74.4 7242 S8.8 THETA

»
d
%
o)
]
o}
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Figure B3.- Symmetry plane velocities near jet orifice,
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TABLE B4,~- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 4 AND DELTA = 45°

R= 4,05 DELTA= 45 DEG R= 4. 07 DELTA= 45 DEG
X/D= 6456 UI NF= 42,0 M/SEC X/0= 9.78 U INF= 4149 M/SEC
Z/D= 2.00 PHI= 11 .0 DEG Z/D= 2463 PHI = 9.0 DEG
YB8/D| 0.0 0.93 1.73 YB/D| 0.0 le 12 2022
zZB/0 ZB/D
r;;,
140 1,81 1423 uB ZUINF le4l 1.60 1.03 UB/UINF
=005 0425 025 VB/UINF ~0.02 0. 22 0s16 VB/UINF
15 027 Q.02 -0e 29 WB/UINF 1.5 0429 -0,01 ~0 429 WB/UNIF |
=0 +39 =0.54 -0¢ 36 cP -0.32 -0.33 ~0e07 cP
0+66 1.83 0430 CPT 075 1.30 0.11 CPT
11.9 Se 6 1641 THE TA 12.3 545 17.4 THETA
1.26 1.77 1.41 | uB/UINF 1.29 159 1415 UB ZUINF
-0.02 0.22 0. 19 VB /UINF -0.02 0012 0.10 vB/U INF
1.0 Q059 =0.06 -0 ¢34 wB/U INF 1.0 0.43 -0.04 -0s31 wB/UNIF
-0.51 =0e67 -0e 44 | cP =036 =-0436 -0e18 cP
0443 154 0.73 ceT 0650 1e 21 0426 CPY
25.3 S5¢3 1447 | THETA 19.1 2.7 155 THE TA
1.10 1.97 1.43 UB/UINF 1413 1.70 1.17 UBZUINF |
=0.01 =0.04 0. 03 VB/UINF 0.0 0.01 0.05 VB ZUINF |
0.5 0.€S 0.0 ~0.43 wB /UINF 045 0ed7 0.0 -0.37 wW8/UNIF
-0 ¢34 =0.71 =0.49 cp -0+24 ~0. 35 -0.18 CcP
0430 2424 0. 76 CPT 027 1.56 0433 ceT i
307 3.4 1646 THETA 22.9 1.7 175 THETA ‘
1.01 1455 1.14 UB/UINF 109 1.59 1.12 UB/UINF
0407 =0.23 -0423 VB/UINF 0.02 -0e13 -0.10 VB/VUINF
0.0 0.39 0«04 ~0¢ 39 wB/ U INF 0.0 0435 -0.02 =036 W8 /UNIF
-0.15 -0452 -0.25 cpP -0.21 -0434 =013 ce
0.,03 0496 0,26 CPT O0el12 1.23 0.27 CcPY
213 10.9 224 THETA 17.9 6.9 185 THETA
0 .94 1el2 1,03 UB/UINF 1.01 le 29 106 ug/UINF
007 -0.,28 =027 VB/UINF 0.06 -0425 ~0e16 VB /UINF
~0e5 0e16 0e0 =027 w8 /UL NF ~0e5 0.24 -0.03 =028 WB/UNIF
Q.02 =014 —0.12 cP =006 -0.22 -0.09 cP
-0.07 0. 20 0., 08 cer 0,02 0.51 O.14 CPT
10.0 163 2146 THETA 13.4 131 17.6 THETA
093 Ce.98 1.02 UB/ZUINF 0.98 1.10 1.02 UB/U INF
0.0€ ~0.19 =0.20 VB/UINF 0.02 =021 =016 VB/UINF
=~1.0 -0.01 =0.07 =021 wB/UINF -1.0 0.09 -0.05 -0.23 WB/UNIF
0.03 0.01 -0. 07 cp 0.0 -0.09 =005 CcP
=-0.09 0.02 0.06 CcPT -0.02 0.17 007 cpPY
0.9 13.8 17.0 THETA Set 13.4 157 THETA
0.84 0.98 1.01 UB/U INF 0496 058 1.01 UB/UINF
0s04 =0.13 -0. 16 vB/UILNF 0,03 -0.13 -0.14 VB/UINF
~1.5 -0.13 -0.13 -0419 wB/UINF ~1e5 -0.03 -0.09 -0.19 wWB/UNIF
0.0 0.01 -0.03 CcP 0.0 0.0 =0.02 cP
-0426 0.02 0. 04 CPT -0.07 0,0 0405 cPT
8.9 12.4 14.8 THETA 243 11.0 13«7 THE TA
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TABLE B4.- Concluded
R= 4,05 DELTA= 45 DEG R= 4,05 DELTA= 45 DEG
X/D= 19,93 UINF= 42,1 M/SEC X/D= 19,92 U INF= 42,1 M/SEC
Z70= 4,30 PHI= 5.0 DEG Z/0= 2.55 PHI= S5Se0 DEG
v8so| 0.0 1.92 3.80 v8 /b 0.0 1.92 3.80
ZB/D z8/D
1.31 1.27 1. 00 UB/UINF 1 1032 1.01 UB/UINF
-0.03 Oel4 0.05 VB/UINF 0 ~0.03 -0.01 VB/ZUINF
1.5 0.17 -0409 -0.16 WB/UINF 1.5 0.29 -0e15 -0.18 wB Z/UNIF
-0.19 -0.18 -0.01 cP -0.14 -0.16 ~0.04 cp
0.56 0e06 0.02 cPT 0426 0.63 0,02 ceY
8.8 6.1 9.4 THETA 14.6 7.2 101 THETA
1.23 1.25 1.01 UB/UINF el2 1. 20 1.02 UB/UINF
-0.,03 0.10 0. 02 VB/UINF 0401 -0410 -0.,04 VB/UINF
1.0 0.22 -0.11 -0.16 W8 /U INF 1.0 0.22 ~0e13 -0.15 wB/UNIF
-0.18 ~0e16 -0. 04 cP -0el4 -0e14 -0.06 cP
0.40 0.43 0.01 CPT 0el7 0¢34 0.0 cPT
1.4 5.8 9.2 THETA 11.7 8.8 8.7 THE TA B
1.21 1.36 1.02 U8 /UI NF 1.08 1.20 1.02 UB/UINF %
-0.03 0.09 0.0 VB/UINF 0,02 -0e13 -0404 vB/ZUINF
0.5 0.27 -0.12 -0.17 WB/UINF 0.5 0.17 ~0.13 -0415 WB/UNIF g
-0.17 -0.21 -0406 cp -0.11 -0el4 -0.06 ce
0637 0.67 0.02 cPT 0.08 0+34 0401 CPT ;
13.5 Se 6 9.4 THE TA 9.5 9.9 845 THETA
1416 1.38 1402 UB/UINF 1.05 1.09 1.03 UB /UINF w
-0.01 0,01 -0.01 VB /UL NF 0.01 -0.14 -0.04 VB/U INF
040 0.28 -0.12 -0.18 WwB/UINF 0.0 0.09 -0.10 -0e15 WB/UNIF
-0.14 -0.19 -0.07 cp -0.06 -0410 -0.06 cP
0.28 0.76 0.01 CPT 0.05 0.13 0.02 cPT
14.1 5.2 9.8 THETA 565 10.3 8¢5 THE TA
lel2 1.29 1. 02 UB /U NF 1.03 1.06 1.03 UBZUILINF
0.02 -0.06 -0.02 VB/UINF 0.04 -0,11 -0.05 VB/UINF
-0eS 0.27 -0.15 -0e 17 WB/UINF -0.5 0,03 -0409 -0.13 WB/UNIF
-0.14 ~0.20 ~0406 cP -0.03 - 0. 09 -0.07 CcP
0.20 0450 0.01 CPT 0.04 0,06 0401 cPT
13.8 7.8 9.3 THE TA 1.9 9.0 7.4 THETA
l1e11 1.23 1.02 UB/UINF | 1.03 1.03 1,03 UB/UINF
0.01 ~0409 -0.04 VB ZUINF 0403 -0.07 -0.05 VB/U INF
~1,.,0 0.19 -0.14 -0.16 WB/UINF | -1.0 -0.02 -0.08 -0.12 wB Z/UNIF
-0.14 -0e17 -0.06 cp | -0407 ~0,07 -0.,07
0.14 0.39 0,01 cPtT | 0.0 0. 01 0,01 CPT
10.0 8.7 8.9 THETA 2.5 Tl 649 THE TA
1.05 1.08 1.02 UB/UINF 1.00 1. 03 1.04 UB/UINF
0.02 -0.13 -0. 04 VB/UINF ‘ 0.02 -0.05 ~0.04 VB Z/UINF
-1.5 0.12 -0l.10 -0, 15 WB /UINF -1,5 -0.06 ~0,08 ~0el1 WB/UNIF
-0.07 -0,08 ~0,4,07 cP -0.08 -0.06 -0.07 cP ‘
0.05 Oel2 0.01 ceT ‘ ~0 407 0.01 0.02 CPT
7.2 9,9 8.8 THETA \ 444 640 643 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.
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Figure B4,~ Cross-section velocities for R = 4 and DELTA = 45°,
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(b) Cross-section velocity plots.

Figure B4.- Continued.
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Figure B4.- Concluded.
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TABLE BS5.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 4 AND DELTA = 60°

R= 4406 DEL. TA= 60 DEG R= 4.00 DELTA= 60 DEG
X/0= 1.96 UINF= 42 44 M/SEC X/7D= 5496 UINF= 4242 M/SEC
/0= 2420 PHI= 30.0 DEG Z/D= 2.88 PHI= 13.0 DEG
YyB/D| 0.0 Ce 99 2.01 YBsD| 0.0 0.98 1439
Z8/D Z8/0
0.80 Qe 82 0. 84 UB/UI NF 1.63 1.59 0497 UB/UINF
002 Oel2 0,10 VB /UINF 00 0631 0.19 VB/UINF
15 ~0+40 -0e44 -0452 wB/U INF 145 0e22 0.05 -0433 WHB/UNIF
0.24 0s16 0. 05 cP =0 .59 ~0.52 -0.03 cP
0,05 0.05 0.03 cPY 1,15 1.13 0,06 CPY
2€. 6 28.8 31.8 THETA 8.2 9.3 2101 THETA
0.83 0.83 0. 86 UB/UINF lel4 1. 59 1.08 UB/UINF
0.01 Q.18 0el10 VB/UINF ~-0.02 0.32 OelS VB /U INF
1.0 =029 -0.42 -0.53 WB ZUINF 1.0 0445 -0.05 -0.38 WB/UNIF
0.28 0.18 0.0 cP -0442 - 0. 65 ~0.23 cP -]
0.05 0. 08 Q.04 CPT Oe11 0.96 .12 cPT g
19.3 28.2 31.8 THE TA 21.9 9.5 20+8 THETA )
1.64 0. 85 0. 88 UB/Z UL NF 1.09 150 1419 uB/ZuU INF g
0401 0«33 O.10 VB/UINF ~0.05 0. 18 Gel4a vB/UINF ]
0e5S 0.31 ~Qe44 -0e58 wa/UINF 0.5 0.77 =0,16 -04+45 wH /UNIF (Y]
~-0e65 -0.02 ~0.09 cP =0 457 -0.87 -0 38 cP
117 0«01 0.05 oY Q.24 0,47 0627 CPT os]
10.8 32.0 33.6 THETA 3546 Te7 211 THETA
2441 2.18 Q.88 UB/UINF 1.02 1. €8 1.25 UB/UINF
0.01 Qe 92 0. 07 VB/UINF =0401 -0.16 0.0 VB/UINF
0.0 0.31 -0.27 =0 466 we /UL NF 0.0 0.77 -0,09 —0e47 WB/UNIF
=212 ~1451 =0419 cp =049 ~-0.81 -0445 cP
2491 2.31 0. 02 CPY 0.13 1,10 0.35 CcPT
T+6 22.1 36.9 THETA 371 TeS 2046 THETA
0.90 293 0. 88 us/UINF 0.95 1.64 105 UB/UINF
0«0 0.69 =0.06 VB/UINF 0.0 ~-0s23 ~0.20 VB/UINF
=05 105 ~0.76 =0.74 wB/UINF =05 0455 -0.05 -0.47 WB/UNIF
-1 .34 —-2.82 =0429 cpP ~0e26 -0.66 021 cpP
-0.42 6421 0.03 cPT =004 113 0.16 CcPY
49,4 18.2 40.2 THE TA 3043 10.1 2642 THETA
0.98 1e77 0e92 uB/UINF 094 117 1,02 uB ZUINF
-0.10 -0.40 ~0s 17 VB/UINF 0.02 -0439 =0 424 VB/U INF
-1.0 0 .94 -0.97 =0471 wB /U INF =-1.0 0,29 -0.08 -0.37 wB/UNIF
-1.13 -2.12 -0.34 CcP ~0409 -0.22 -0e13 cP
~0.28 1.18 0404 CPT ~0.12 0.31 0.12 CPT
44,2 31.3 38.6 THETA 173 208 239 THETA
0.88 1.00 0.93 UB /UL NF 0.91 0.97 0099 UBs/UINF
-0.10 =059 ~0 425 VB/UINF 001 ~0e27 ~0e22 VB ZUI NF
=145 023 =0.49 =0. 64 wWB/UINF -1.5 0.07 -0,408 -0 429 WB/UNIF
=019 =0.50 -0.29 cP 0.0 0.03 ~005 cp
=0436 Q.10 0405 CPT ~0.16 0.05 0.06 cPT
16.9 38,9 37.0 THE TA 4,9 18 «0 21,0 THETA
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TABLE B5.- Continued

R= 4,02 DELTA= 60 DEG R= 4,05 DELTA= 60 DEG
X/D=  9.94 UINF= 42 ¢3 M/SEC X/D= 9495 UINF= 42+2 M/SEC
Z/0= 3.38 PHI= 10.0 DEG Z/D= 3.88 PHI = 10,0 DEG
YB/D|| 040 1.54 3.10 ‘ YB/D| 0.0 le81 2496
Z8/0 zZ8/0
1e26 133 0.99 UB/UINF 1.22 1.27 0.98 UB/VUINF
=002 0. 25 0. 09 vB/UINF ~0.04 O0.28 0.11 VB/UINF
1.5 0.41 =019 -0.31 wB/UINF 1e5 0.22 =-0sl2 =0.27 wB/UNIF
~0e¢36 -0.30 ~0. 04 cpP -0.21 -0.,22 0.0 cP
0«40 0.58 0.05 CcPT 0.34 0.50 0.04 CPT
18.4 12.0 18.1 THETA 114 11.9 1646 | THETA
117 137 1401 UB/UINF l1.19 le 34 101 UB/UINF
0,02 0610 0.03 VB/UINF 0.0 0.21 007 vB/UINF
1.0 0.£3 -0.23 -0. 32 wB/UINF 1.0 0446 =0.17 -0,28 wB/UNIF
-0 .37 -0.,38 =006 cP =029 =0. 36 ~0405 cpP
Q.30 0.58 0406 CPT 0.34 0451 0406 CPT
2446 S.9 177 THE TA 21.3 10.0 16.0 THETA
1.10 le45 1e02 UB/UINF 1.19 1.38 103 UB/UINF
0.01 ~0.04 =0.,02 VB ZUINF =-0s01 Q.10 0 .05 VB/UINF
0.5 0.54 =0.19 =035 wB/UINF 0.5 Q0«54 —Q0e24 ~0e32 w8 /UNIF
-0+430 -0.38 =0. 07 cpP =037 ~0.39 -0.10 cP
0422 0.78 0.10 cPT 0435 0. 61 0.06 cPY
2642 8.1 19.0 THETA 2447 10.0 17«4 THETA
1,03 1.46 1,01 UB/UINF 1.08 1. 45 1.02 UB/UINF
0.03 -0.10 =0.07 VB/UINF ~0403 ~0s04 =0.02 vB /UINF
0.0 0.84 -0.16 -0.32 w8 /UI NF 0.0 0.54 -0e 20 =0.,31 WB/UNIF
=023 -0.38 -0.09 cp =031 -0.482 =-0.09 cp
0.03 0. 81 0. 05 cPY 015 0.75 0,05 CPT
23.3 846 179 THETA 26.7 8.3 17.0 THETA
1.00 130 1.01 UB/ZUI NF 1+04 1.48 1,01 UB/UINF
0.02 -0.19 =0.10 VB/ZUINF 0.05 -0.,09 =004 VB/ZUINF
~0e5 0.32 -0.18 -0+ 30 WB/UINF =05 045 -0.18 -0.32 WB/UNIF
-0.10 -0.27 -0, 06 cP -0.22 ~0.38 -0.08 cp
0.0 0.51 0.07 cPT 0.06 0. 87 0.05 CcPT
17.6 12.8 17.4 THETA 23.3 87 176 THETA
0 .95 1.07 1.01 UB/UINF 0.99 le 26 1,02 UBZUINF
=0.01 ~Q0e27 ~0.11 VB/UINF 0.05 ~0e21 =008 VB/UINF
-1.0 0615 -0.19 ~0.26 wB /UINF -1.0 0.31 -0.18 =04+29 WB/UNIF
-0.,04 =007 =0.05 cp -0.09 =-0e18 =0.06 cP
<0011 Oel S 0+ 0S cPT -0 401 0.48 0.06 CPY
97 18.3 15.8 THETA 17.2 13.7 16.7 THETA
0.58 te 02 1. 01 UB/UINF 0.98 1.09 1,01 UB/UINF
0.04 ~0.19 =0.12 VB/ZUINF 0.04 ~0. 24 -0.10 VB/UINF
—=1e5 0004 ~0esl4 —0.23 WB/UINF =145 0415 ~-0+16 =027 wWB/UNIF
-0.02 -0.02 ~-0404 cpP -0.07 -0.08 -0 .06 cP
=0.06 0.08 0.05 CPT ~0.09 0.20 0.06 CcPT
2.3 14,5 1445 THETA 847 1643 1640 THETA
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TABLE B5.- Continued

R= 4,06 DELTA= 60 DEG R= 4,03 DELTA= 60 DEG
X/D= 19,78 U INF= 42 .2 M/SEC X/D= 19.70 UINF= 42.1 M/SEC
Z/D= 4,75 PHI= 740 DEG Z/7D= 3.44 PHI= 7.0 DEG
YB/D] 0.0 1.94 3.93 Y8sD| 0.0 1.94 3.93
Z8/0 ZB/0
1.23 1.23 0.98 UBZUINF lell 119 100 UB /UINF
~0.01 Q.13 0. 04 vB/UINF -0.02 -0.,08 -0.02 VB8 /UINF
1.5 0.29 -0.17 =-0.23 Wl /UINF 1.5 0.30 -0.19 =0 e24 WB/UNIF
~0e24 -0.18 0.0 cP ) 016 -0e13 ~0.02 cP
0437 0.38 0. 03 CcPT 0.17 0.34 0.04 cPY
13.9 9.1 13.3 THETA 16.0 10.6 13.4 THETA
115 121 1e 02 UB/ZUINF 1.08 1.19 1.00 UB/UINF
=0 .01 0.04 0.0 VB/UINF 0.03 =0.12 -0.05 VB/Z/UINF
1.0 0e32 =015 ~0e22 wB/UINF 1.0 024 -0.14 ~-0e20 w8 /UNIF
-0.20 =019 ~0404 ceP ~0e15 =-0.15 -0.04 cpP
0.22 0.31 0405 cPY 0,08 0s 31 0«0 cPY
1€.1 Ge S 12,0 THETA 12.8 10 .0 11.5 THETA %
1612 1.20 1,01 UB/UINF 1.06 112 1.01 UB /UI NF d
0e03 -0, 06 -0,02 VB/UINF D.02 ~0.15 =-0.006 VB/U INF
0e5 0432 -0.18 -0.21 WB/UINF 0«5 0e17 -0s.16€ =0.19 WB/UNIF
-=0e15 =-0.15 =0e 06 cP ~0el4 -0e11 =-0405 cP =
0es22 0. 33 0.02 CPT 0.02 0.19 0.01 CPT >
15.8 9.4 11.8 THETA 95 1201 112 THE TA -
1.10 1422 1. 02 UB /UINF 104 1.10 1.02 UB/U INF
0.01 -0.09 -0.03 VB/U INF 0.02 -0.14 -0+06 vB /Ul NF
Q.0 0.30 =015 ~0.19 wWB/UINF 0.0 0413 -0.13 =017 WB/UNIF
-0.16 =-0.21 -0.10 ce -0.08 =-0s12 =0.08 cP
O0e14 0.31 —0.01 CPT 04,01 0.12 0.0 CcPY
15.4 S« 0 10.5 THETA 745 11.0 9.7 THETA
1.06 1.15 1.00 UB/UINF 1.03 1. 05 1e02 UB/UINF
0.0 =0.13 =04 05 VB /UINF 0.02 -0.13 =-0.06 VB/U INF
=045 022 -0.15 =-0.21 wB/UINF =-0e5 0.03 =-0s13 -0.17 WB/UNIF
-0e10 -0.14 =04 06 cp -0.07 -0.09 -0.07 cP
0.08 0s24 0.0 cPT 0.0 0.06 0.0 CPT
12.2 10.8 1148 THETA 3.2 11.0 Ge9 THETA
1.00 lell 1,01 UB/UINF 1.00 1.03 1.,02 UB/UINF
004 -0.14 -0+ 06 VB/UINF 0.03 ~0.10 -0.05 VB/UINF
=140 0el12 =-0.14 -0« 19 B/ UINF =140 -0,03 -0.12 -0.16 wWB/UNIF
=0 +04 -0.10 -0 406 cp ~0.04 - 0. 06 -0.07 CcP
-0.01 Osl 7 0«0 CPT ~0.02 0.03 0.0 CPTY
Te7 11. & 11.1 THE TA 295 Ge7 B89 THETA
1.04 1.05 102 UB/UINF 1.00 1.02 103 UB /UINF
0402 -0.13 =04 06 VB /UINF 0.01 -0.08 -0.,05 VB/UINF
~1.5 0407 -0.13 0417 wB/U INF =1e5 ~0.06 -0e.12 —0e15 wB /UNIF
~0s08 =007 =0.08 cpP -0.+05 -0.06 -0.,08 cp
0.03 0.08 0.01 CcPY ~0.03 0,02 0401 CPTY
4.7 11.2 100 THETA 4.6 9.0 8.6 THETA
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TABLE B5.- Concluded

R= 4405 DELTA= 60 DEG
X/D= 3495 UTINF= 4242 M/SEC
Z/D= 2,08 PHI= 19,0 DEG
¥YB/D| 0.0 1.07 174 3.46
zeso
2.31 1.54 0.90 0+ 94 UB/ UINF
0.0 0445 0.28 0«05 VB/UINF
145 0. 39 G, 04 =0. 44 =0s41 WB/UINF
-1.,39 -0.88 =0 .04 0.01 ce
3620 CaT70 0+ 04 0.06 cPY
10.0 14.4 29.4 23.8 THETA
0.8 2.11 1.12 0,97 UB/UINF
-0.04 0.39 0.30 0,02 VB/UINF
1.0 0.43 ~0.07 -0 «50 =-0.40 WB/UINF
-0.59 -1, 44 =0. 2 -0.0S cP
=0 +43 2424 0,08 0.06 CPT
24.4 8.9 270 22 .4 THETA
090 1.87 1032 0.98 Us/UINF
-0.04 Q.22 0416 ~0.,01 vB/UINF
0.5 0.58 =0.45 -0.€3 -0s42 W8 /UL NF
-1.02 -1457 -0 .85 ~0.07 cp
-0e.24 1.23 0.33 0607 cPT
4745 14.1 25.9 23.5 THETA
0e?77 2.11 1,20 0.99 UB/UINF
0.09 ~0.22 -0.15 -0.,05 VB/UINF
0.0 095 =0.37 -0.67 -0.41 WB/UINF
~0.55 -1.63 -0.73 -~0.09 cp
=0 .04 2.28 Q.18 0.06 cPT
Sle2 12.7 30.1 2247 THETA
0.81 1.31 1.02 0.98 UB/ UINF
0.02 =0.51 -0.37 -0.08 VB/UINF
~0.5 0,47 ~0e25 =-0.54 -0+ 40 WB/UINF
-0.09 -0+65 -0.32 -0.08 cP
-0.20 0.40 0. 15 0. 06 cPT
30.2 2543 33.6 22.7 THETA
0.86 0s99 0. 98 0. 99 UB/ UL NF
0.02 ~0.39 ~0¢32 -0,08 VB /UINF
=140 0.09 -0.18 -0.38 -0.38 w8/ UINF
0,01 ~0.09 =0, 12 -0.07 cp
=0.23 009 0.09 0.06 cPY
5.8 25.1 2745 21.8 THETA
0.82 0.96 097 0.99 UB/UINF
0.04 -0e25 -0+ 25 -0.10 VB/UINF
-1.5 =016 -0.22 -0,33 =-0.36 w8/ UINF
0.03 0,02 =005 =0.09 ce
-0.27 0,07 0. 06 0.05 cPTY
11.3 20.7 23 .6 20.7 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B5.- Cross-section velocities for R = 4 and DELTA = 60°,
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(b) Cross—-section velocity plots.

Figure B5.- Continued.
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(b) Continued.

Figure B5.~ Continued.
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Figure B5.- Concluded.
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TABLE B6.~ TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 4 AND DELTA = 75°

R= 4.03 DELTA= 75 DEG R= 4407 DELTA= 75 DEG
X/D= 1496 UINF= 42,0 M/SEC X/D= 2496 UINF = 4242 M/SEC
Z/D= 2.11 PrI= 28 .0 DEG Z/D= 2.19 PHI = 22+9 DEG
Y870 0.0 1.03 2.00 YB/D| 0.0 0.93 1.78
ZB/D ZB/
0479 0.78 0. 82 UB /UL NF 2421 1.99 0.88 uB/UINF
0.03 029 0.18 VB/UINF 0.0 0450 0.28 vB/UINF
15 =-0e18 -0637 -0 51 WB/UINF 1.5 0.36 0.23 ~0.50 WB/UNIF
0415 0.23 0.06 cpP -2.02 -1.51 -0.03 cP .
=020 0«06 004 | cPY 2.11 1.84 0.07 CPY
10.5 30,1 33.0 THE TA 9.6 13.9 32.8 THETA
275 1.04 0.87 UB/ZUINF 072 1.93 0.98 UB /UINF
0.01 0.52 0,20 VB /UINF -0.02 0441 0427 vVB/UINF
1.0 0.90 -0.24 ~0.58 wWB/UINF 1.0 051 0e0 061 w8 /UNIF
=1.45 =-0.59 =0 06 cP -1.02 -1.80 =0.440 cpP
6019 -0.18 0.07 CPT -1e24 1.16 0,02 cPT
18.2 27.4 34 .9 THETA 3545 10.1 34.0 THETA
095 2.48 0.90 UB/UINF 0.71 1.51 1.08 UB/UINF
0.0 0.83 0.14 VB/UINF 0.10 0.22 0.13 vB Z7UINF
0.5 0.48 0.07 =04 69 wB ZUINF 0e5 0.96 ~0e26 =0.73 wB/UNIF
~1e72 -2e26 -0.28 cP -1.58 ~-2.05 ~0s73 cp
=157 3.78 0.03 cPT -1.14 -0.62 0.01 cPT
2646 16.9 37.8 THETA 53.6 115 34.3 THETA
0.50 2¢43 0,91 UB/UINF 0.70 163 1.01 UB/ZUINF
0.09 0.58 040 VB/UINF 0. 06 =022 =0.17 VB8/UINF
0.0 122 -0e40 ~0.78 W8/UINF 0.0 1.02 -0.22 =079 WB /UNIF
-1.83 -3.09 =04 45 CcP -1l.14 =180 =059 cP
-1.06 2.48 0.0 cPY ~0+59 0.0 0,09 cPY
6745 14,7 40.7 THETA 55.4 12.2 38.9 THE TA
0.65 1.88 0.92 uUB/ U INF 0. 65 1, 28 0.96 UB/UINF
-0.03 ~0.19 =Qe22 VB/UINF 0.03 -0.53 -0437 VB/UINF
=05 1.16 =0.76 =0.79 B /UINF =-0e5 0e64 =-0.21 =0+66 WB/UNIF
=160 -2.48 ~0e44 cP =053 =090 =035 cP
-0.82 0. 74 0. 08 cPY =0 .69 0,07 0615 CPT
60.7 23.1 4241 THETA 4445 2640 38.8 THETA
0+55 1.03 0. 97 uB/ UINF 0.73 0,90 0.98 UB/UINF
=0.02 =0.68 ~0e 30 VB/UINF . 0«01 =0+ 46 ~0433 VB/UINF
=10 0.62 =0e50 =065 WB/UINF =140 Oela -0.26 =047 WwB /UNIF
-0e52 =0e75 ~0.38 cp -0.37 -0.148 =022 cpP
-0.82 Q.04 0,07 CcPTY -0.82 ~0.04 0.08 CPT
48.7 41,0 37.0 THETA 11.1 32.0 314 THETA
0.69 100 097 UB/U INF 0«64 0.93 0.97 UB /UINF
0.0 ~-0.44 -0. 30 VvB/UINF 0.07 -0e30 -0.28 VB/UINF
=15 =0.,03 -0+41 ~0+56 ¥B/UINF =145 -0.12 -0.28 -0s42 WB/UNIF
—-0e 38 =029 ~0.25 cP =0.21 ~-0+06 =013 cP
-0.90 0.08 0.10 CPT -0.78 -0.,02 0.07 cPT
3.5 32.5 33.8 THETA 11.1 25.0 28.3 THETA
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TABLE B6.- Continued

R= 4,07 DELTA= 75 DEG R= 4,08 DELTA= 75 DEG
X/D= 7451 UI NF= 42,5 M/SEC X/0= 9 .95 U INF= 42.0 M/SEC
Z/70= 3.39 PHI= 14 .0 DEG Z/0= 44,00 PHI = 8.9 DEG
Y8/D| 0.0 1.61 3.68 YB/D| 0.0 2.00 44,00
ZB/0 ZB/0D
1.07 1e 24 0. 96 uB /7 UINF 1.02 1. 14 0,98 UB/UINF
=002 0.25 0.07 v8/UINF 0.0 0. 21 0.06 VB/UINF
1«5 0425 =027 -0+ 35 wB/UINF 15 0.29 -0.18 -0 .26 wB /UNILF
=050 ~0s33 0.0 cpP -0e26 =-0.20 0.0 P
=029 0636 0406 CPT -0.12 0.18 0.04 CPT
13.9 1S.6 2046 THETA 159 12.8 15.0 THETA
1.02 1.32 1.01 UB/UINF 100 1«19 1¢01 UB /UL NF
0.02 0elS Qs 04 VB/UINF 0.0 0.13 0.04 VB/UINF
1.0 0 .46 -0.29 ~0435 wB/UINF 1.0 035 ~0e. 18 -0.25 WB/UNIF
=047 =0.48 -0+ 04 cp =0.31 =029 -0.03 cP
~0e21 0.39 0e10 cPY -0.18 017 0406 CPT
24,1 13.4 19.3 THETA 195 10«0 13,9 THETA
0.98 1433 1. 00 uB /UL NF 0,98 1.23 1.02 UB/ZUINF
0.0 0.06 040 VB/UINF 003 0.07 002 vB/UINF
05 0«47 =034 ~0e 37 wB/UINF 0.5 0 e42 -0.18 -0.26 WB/UNIF
-0.441 -0.48 -0 406 cP -0e28 =00 32 -0.06
-0.23 0e42 0.08 CcPT -0el4a 0.25 0.06 CPT
25.8 14,3 2046 THETA 2344 846 1445 THETA
0eS5S 1.30 100 uB/UINF 101 l.28 103 UB ZUINF
-0.01 =0.05 -0, 03 VB /UINF 0.04 ~0401 0.0 VB/U INF
Ge0 0443 =-0.34 -0 436 WB/UINF 0.0 0.40 =0s20 ~-0.25 wB /UNIF
=0433 -0.40 =04 06 cP -0 434 =0436 -0.08 ce
=024 0e41l 0.,08 ‘CPY -0.15 0432 0404 CPT
24.8 15.2 20 .1 THETA 2lea G2 13.5 THE TA
0 .93 1.18 0097 UB/ZUINF 0+96 le 19 1.01 UB/UINF
-0.01 -0.21 -0. 07 VB/UINF 0.03 ~0.11 =0 404 VB ZUINF,
=045 0.22 ~0e33 -0, 37 wWB /UL NF -0e5 0.31 ~0+20 ~0426 wWB/UNIF
-0.28 =027 ~0+ 05 cp ~0.29 -0+ 24 ~0405 cpP
~0.31 029 Qe 04 cPY ~026 0e24 0.05 cPT
19.2 19,2 20.9 THE TA 17,9 11.5 14.7 THETA
090 105 1. 00 UB/Z/UTINF 0 .95 1.15 1.03 UB/UINF
0.03 -0.25 -0408 VB/UINF 0,06 -0e16 =-0.,04 VB/UINF
-1+0 0.15 ~0e29 =-0432 wB/U INF =140 0.23 -0e¢20 -0424 wB/UNIF
-0427 -0.14 -0, 05 cP ~0.22 =0.21 =0..07 ce
=-0.44 Oell 0,06 cPY -0e25 O.18 04,05 cPY
Se6 211 18.3 THETA 135 13.6 1344 THETA
0.90 1.00 1400 UB/UINF 0.89 1. 05 1.02 UB/UILINF
004 -Qel9 -0.,08 V87U INF 0403 ~0.17 —-0405 vB /UINF
-145 0.01 ~0.24 -0+ 30 wB /UINF =1+5 Os11 =017 -0.22 WB/UNIF
-0.22 -0.07 -0.07 cP =019 -0e12 -0.07 cpP
-0440 Ce 02 0,03 cPT —0 .38 0.06 0.03 CPT
0.8 17 .9 17.2 THETA Te2 13.9 1246 THETA

>
g
%
-
o]
w




LS

TABLE B6.- Concluded

R= 4,02 DELTA= 75 DEG
X/D= 15,94 UIANF= 42 42 M/SEC
Z/70= E.AS5 PHI= 8.0 DEG
¥YB/D| 0.0 2.45 4490
ZB/D
107 1.05 100 UB/U INF
=0.01 0.10 0. 04 VB ZUINF |
1.5 0.10 -0.19 -0.21 WB/UINF
=0.19 ~0.09 =0.03 cP
-0 .02 0.06 0.03 CPT
645 111 12.5 THETA
1.05 1.06 0.98 UB/ZUINF
=-0.02 Q.06 0.01 VB/U INF
1.0 .12 -0.19 -0. 20 wB/ULNF
-0 .16 -0e14 =0403 cp
-0.04 Ge 02 =0.02 CPT
8.3 10.3 11.9 THE TA
1404 1.09 1.01 UB/UINF
=-0.,01 0.02 0.0 VB/UINF
0e5 0.19 =020 -0.21 wB8/UINF
-0e16 -0e13 ~0. 06 cP
=0 .04 0410 0.01 CPT
11.0 1062 11.7 THETA
1.01 1e11 1.00 UB /UINF
0.0 -0.01 -0.01 VB/UINF
0.0 0.17 -0.19 -0. 21 W8 /UINF
~0.15 -0.17 =0.05 cP
-0e11 010 0. 01 cPT
10.2 9.8 11.9 THETA
1.02 1.09 0.99 us/sui NF
0.01 =0.07 =0.02 VB /UINF
=05 0.14 =021 =020 WB/U INF
-0.18 -0.13 ~0. 04 cP
~“0.11 Ge10 =0.01 CPT
8.6 116 i1.6 THETA
1.01 1,07 1.00 UB/UINF
0.0 -0.08 -0403 VB/UINF
=10 0.C9 -0.19 -0420 wB /UL NF
~0el4 -0.11 ~0.06 cP
-0.12 0«08 =0.01 CPT
6.4 11.5 11.4 THETA
0.97 1.05 1. 00 UB/UINF
0.02 ~0.10 =0.03 VB/UINF
=15 007 =-0e19 =0.19 wB/UINF
-0.10 -0.09 =0. 04 cp
=015 0.06 0.0 cPT
4.5 11.9 10.7 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B6.— Cross-section velocities for =4 and DELTA = 75°,
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TABLE B7.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 4 AND DELTA = 90°

R= 4.00 DEL TA= 90 DEG R= 4.06 DELTA= 90 DEG
X/D= 3.96 UINF= 42 .1 M/SEC X/D= 9.94 UINF= 42.0 M/SEC
Z/D0= 2.01 PHI= 18,1 DEG Z/D= 4 .45 PHI= 11.1 DEG
¥B/sD] 0.0 1.22 2451 YB/7D{ 0.0 2402 3.93
Z8/0D z8/D
la11 1.48 095 UB/UINF 0.90 1406 0.98 uB/UINF
0.0 0.24 0e22 vB/UI NF =001 0.13 0.,08 VB/U INF
1¢S5 0.06 =-0.02 =0e41 wWB/UINF le5 0.02 -0.20 ~0e.28 WB/UNIF
=082 -0.83 -0.10 cP ~0e29 ~-0.18 -0.,01 cpP
~0+59 0.2 0. 01 CcPT -0.48 0,01 0.04 cPT
4.0 7.8 2546 THETA 3.7 11.9 16.6 THETA
.47 1.22 1. 03 UB /UI NF 0.77 1.04 1.01 UB/UINF
-0.02 Q.16 0.20 VBZVUINF ~0.02 010 0.05 VB /UL NF
1.0 0430 —0.14 =0e47 WB/UI NF 1.0 017 ~-0.19 -0..27 wB/UNIF
=-0.71 -0.88 =0427 cP -0.28 ~0.21 =0405 CcP
—~1.440 =035 0406 cPY =065 -0.08 0.06 CPT
23.0 8.8 2601 THE TA 13.2 10.8 1543 THETA
0«45 0495 1.08 UB/ZUINF Q077 1.02 102 uUB /UL NF
-0,05 0. 06 0+ 09 VB /Z7UINF 0.0 0.07 0,03 VB/UINF
0.5 0.53 -0.18 =0e53 wB/U INF 05 O.18 ~-0.18 =029 WB/UNIF
-0.77 -0+99 —0e37 cP ~0.29 ~0.28 =007 cpP
—~1e28 -1.04 0. 09 cPT ~0.67 =-0.21 0 .05 cPT
50.1 10.8 26 42 THETA 13.7 10.4 15.9 THETA
0.54 0.96 1.03 UB /UL NF 0.81 0.92 1401 UB/UINF
0.03 =009 =0 406 VBZ7UINF 0.0 =-0.01 0.0 VB ZUINF
040 0e67 =016 ~0e57 wB/UINF 040 0.20 -0.19 -0.30 w8 /UNIF
=073 -1.07 -0.33 cpP -0.32 -0.21 =0.07 cpP
=100 -1.12 0.+ 06 CPT -0 .01 -0e.32 0405 CPT
Slel 11.8 2940 THETA 13.9 11.9 165 THETA
0465 1,03 0499 UB/U INF 0.81 0.98 1.02 uB ZUINF
0.01 -0.23 =06 17 VB/UINF 0.0 ~0606 -0.01 VB/U INF
=045 0 .59 =010 ~0e53 wB/UINF =05 015 -0.18 -0.30 WB/UNIF
=065 -=0.,83 -0+28 cP =0.29 -0.22 ~-0.038 CcP
-0.87 =071 0.01 CcPT ~0660 ~0.21 006 cPT
4201 15.2 2946 THETA 11.0 11.2 1642 THETA
0.73 1.00 0.99 U /UILNF 0.86 1,02 1.01 UBZUINF
0.01 =037 ~0e22 vB/ U INF 0.05 -0.11 -0405 VB/UINF
=-1.0 0e32 -0.16 =0e 45 wB /UT NF -1.0 0.13 -0415 -0,.29 WB/UNIF
=0 «57 =043 -0417 cpP =032 =020 =006 CcP
~0e93 =027 Q.07 CPT =0 456 ~0.13 0.05 CPT
24,3 23.4 27 .4 THETA Be S 11.3 16.0 THETA
Oe74 0. 96 0.98 UB/UINF 085 099 1.00 UB/UINF
~0602 =0.32 -0,22 vB /UIN= 0.01 ~-0s14 =0 405 VB/UINF
-145 0.12 =020 =040 wB/UINF =1+5 0.06 ~0s19 ~0e27 wB /UNIF
=0449 =017 ~0.11 cpP -0.26 -0,.11 -0.,05 cp
=092 -0.,10 0406 ceT ~0e52 =-0.07 004 CcPT
9.9 23.1 2543 THETA 445 14.4 153 THETA
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TABLE B7.- Concluded

R= 4,03 DELTA= 90 DEG R= 4408 DELTA= 90 DEG
X/0= 19,71 UINF= 42,2 M/SEC X/D= 19,82 UINF= 42.2 M/SEC
Z/D0= 4,75 PHI= 7 «5 DEG Z/0= 700 PHI = 7«5 DEG
YB/D| 0.0 2.25 4,39 Ys8/0| 0.0 225 4439
y4-74») zZ8/D
0 .88 0.96 1.00 UB /UINF 1.01 1. 04 1,00 UB/UINF
=001 0.04 0.05 VB/U INF 0.0 0.06 0405 VB /UINF |
15 -0.01 -0.13 -0, 21 w8 /UINF 15 -0.10 -0.11 ~0,17 WB/UNIF
~0e14 ~-0,08 -0.04 | cP -0.08 ~0. 07 -0,01 CP
=037 =-0.14 0e02 | cPT -0 .0% 0.02 0.02 cPT
4.1 Te? 12.5 THE TA 6.7 645 1044 THETA
0.89 1.02 1. 01 UB/UI NF 1,02 1.03 1.00 UB /U INF |
0.0 0.0 0.0 VB/UINF 0.0 O« 0S5 0.04 VB/UINF |
1.0 0e 02 =0.07 -0.19 wB/U INF 1.0 -0.05 -0e11 =0.16 wB /UNIF
=015 =-0.15 =04 0S cP -0.13 -0.,08 =-0,03 cP
=035 -0.09 0.01 cPT -0.08 -0.01 0,01 cPT
3.5 4,2 1140 THETA 407 6l 9.7 THETA
0 .89 1.03 1.02 UB/UINF 0.94 1.03 1.02 UB/ZUINF
001 -0.03 -0.01 VB/UINF =-0.01 0.06 0,04 VB/UINF
045 0,02 =-0.09 -0+ 20 wB/UINF 0e5 ~-0.02 -0.10 =017 WB/UNIF
-0.14 -0.14 -0.07 cP ~0.09 -0e10 -0s05 cP
=-0a34 =~0.07 0. 01 CPT -0 +20 -0.03 0.02 cPT
3.5 Se8 11.0 THETA 4o &4 6el 10.0 THETA
0..89 1,00 1. 03 UB/UINF 0.88 0.99 1,01 UB/UINF
040 ~0.05 -0.03 vB/VINF -0.01 0. 05 0.04 vB/ZUINF
0.0 0«0 -0.10 -0e16 wB/UINF 0.0 -0.04 -0.12 -0,.16 wBZUNIF
~0.13 =-0.08 -0.10 ce ~0.10 -~ 0+09 -0.,06 cP
| =033 007 -0.01 cPY -0.32 =0.09 0.0 CPY
] 2.3 Te1 Gel THETA Se0 6,9 9.7 THETA
0491 1.02 1,00 UB/UINF 087 1.01 101 UB/UINF
0.0 ~0s05 =06 03 VB/UINF 0.0 0.04 0,03 VvB/U INF
=05 0.0 ~0.10 -0, 20 wWB/UINF -0e5 0.0 =0.11 -0e19 WB/UNIF
-0e14 =011 -0+ 04 cP ~0.10 -0.11 =0+05 cp
-0431 -0.06 0,01 CcPT =035 -0.,08 0.0 CPT
3.3 6.8 11.2 THETA 3.7 662 10.8 THE TA
0.95 1,02 1,01 uB ZUIT NF 0.92 1.01 0.99 UBZUINF
0.02 ~0.07 -0.04 VvB/UINF 0.02 0. 04 0.02 VB /UI NF
=10, ~0.03 -0s10 -0+ 18 WB/UI NF -1.0 0.04 -0.12 ~0,.18 wWB/UNIF
-0,19 =-0.10 -0.05 cP -0.20 -0.14 =0.04 ce
B ~-0.28 =-0.04 0.0 CPT -0 ¢35 -0.10 -Q.,02 cPT
2.9 Te3 10.1 THETA 3.3 646 10.6 THETA
0495 1.01 1e02 UB/ZUINF 090 1.02 1.00 UBZUINF
0,01 ~0,05 -0.03 vB /UINF 0,01 =0.01 0.0 VB/VU INF
=1eS -0 04 -0.11 -0, 16 wB/UINF ~1e5 Ge03 -0.10 ~0s19 w8 /UNIF
. =016 ~0.09 -0+ 06 ce -0e15 -0.11 =0,06 cpP
-0 .24 =0.04 0.01 cPY ~0e33 = 0. 07 -0,03 cPT
4.0 7e6 9.2 THETA 3.6 S5e¢9 11,1 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement,

Figure B7.- Cross-section velocities for R = 4 and DELTA = 90°.
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(b) Cross-section velocity plots.
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B8.- Cross-section velocities for

= 4 and DELTA = 105°,
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(b) Cross-section velocity plots.

Figure B8.- Continued.

7



*penuTlu0) ~°gd 9iInbrJ

“*ponuTt3uo) (q)

g XIANAddV

a/gx
8 9 o2 2-
A 4
A 4 -
4 A
A A -
Le°*s =a/z * A
82°0Z = /X A ]
Y [
g/d4
8 9 f c c-
I T I T
1 7
# 7 i
f ”
4 1 -
f s
L6°E = G/Z 4 ’ 4
v6°'L = 4/X ) )

g
!

(am}

[42




€L

‘popniouo) -*gd ainbrd

*popnioucd (q)

asgA
9 f ¢ 0 ¢~ h-
I T T T T T
1 L4 ¥y A 3
1 r's v » k -4
4 4 v 3 L3
4 ® ‘v N 4 .
4 » " ) 4
b s v A t 4
A [ N 4 4
Se'y = 4/%2
18"0L = G/X

H XIANIddv




~
-

TABLE B9.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 8 AND DELTA = 45°
R= 8.01 DEL TA= 45 DEG R= 8401 DELTA= 45 DEG
X/D= 695 UINF= 38,0 M/SEC X/D= 9.94 UINF= 37.7 M/SEC
Z/D= 3.61 PHI= 25 «0 DEG Z/D= 4,73 PHI= 21,0 DEG
i YB/D| 0.0 1.23 255 Y8/D| 0.0 197 3660
Z8/0 ZB8/D
3.52 3.44 0, 87 UB/ZUINF 2435 2,32 0,93 UB/UINF
[ —0 03 0451 0406 VB/UINF -0.01 0e 42 0.04 vB/UINF
15 0.31 0011 -0.68 wWB/UINF 1e5 029 -0423 —0+55 | WB/UNIF
=3.14 -3.,40 —-0e22 cpP -1.54 -1446 -0el2 cpP
8487 8.20 0,01 cPT 3017 3.25 0405 CPT
5.9 6.9 37.9 THETA Te7 10,6 30.8 THETA
1.94 3.44 090 UB/UINF 163 2426 0«36 uB /UL NF
-0.02 0.39 ~0. 06 vB8/ UINF 0.02 0.28 ~0.,03 VB/U INF
1.0 0 .49 =0406 -0.71 wB/U INF 1.0 0.45 - 0., 28 -0.54 WB/UNIF
-1450 —2+65 =038 cP -0.83 -1434 ~0e18 cP
157 8.81 ~0.,06 CcPTY 1.04 3.01 0,04 CPT
14,5 4,8 38.3 THETA 15.6 9.0 29.1 THETA
146 2.83 0. 94 UB ZUINF 1.40 2,11 094 UB/ZUINF
0.01 0,12 -0.17 VB/UINF 0.01 Ge 07 ~0s12 VB Z/UINF
05 0.69 -0 26 -0.71 WB/UINF 0.5 0651 -0+38 =055 WB/UNIF
-0 +88 -2.17 -0,38 cp ~0e57 - 1e 46 -0e17 cP
0s74 S5e12 Qe 05 CPT 066 2420 0405 CPTY
253 Se3 38,1 THETA 2040 10.1 30.9 THETA
120 1,85 0+ 96 uB/ UINF 1.19 1.61 096 UB/UINF
006 ~0e36 -0, 28 VB /U NF 0.0 -0+26 ~0e16 VB/U INF
0.0 0445 =035 —0+61 WB/UINF 0,0 0.38 ~0e 482 ~0e52 WwB Z/UNIF
-0e34 -1+42 -0.29 cp -0.+29 -0.97 -0 416 cpP
031 1.29 0410 cPTY 0627 0.88 0.07 CPT
203 16,5 3S5.1 THETA 1861 177 295 THETA
1.048 1.13 0.93 UB ZUI NF 110 1.19 0.96 UB/UINF
0..04 -0s49 -0 ¢ 30 VB/UINF 0.0 ~0s42 -0e19 VB /UI NF
=045 Oell -0.29 -0.,53 WB/UINF =-0.5 0.18 -0+ 39 ~0.47 WB/UNIF
-0 .02 ~0e37 -0.17 cp -0e12 -0.43 ~0e13 cP
0«07 024 0. 08 CPY ODel13 0+32 0,05 CPT
63 2842 33.3 THETA 9.8 26.8 276 THETA
0+99 1.01 0. 34 uB /Ul NF 1.02 1.04 0.97 UB Z7UINF
00 ~0430 -0e26 VB/UINF 0.01 ~0e35 -0.18 VB/UINF
-140 -0408 ~0e26 =0e 46 WB/UINF =140 0401 -0.28 ~0643 WB /UNIF
0.02 ~-0.09 -0e 09 cp 0.01 ~0.16 -0.10 cP
0.01 010 0008 cPY 0.06 0. 12 0.07 CPT
Se 4 2249 2946 THETA 264 24,4 2545 THE TA
0«95 0496 0494 UB/UINF 1.00 0s 99 0,96 UB/ZULNF
0+01 -0.20 -0e22 VB/UINF 0.01 ~0e23 -0e17 VB Z/UINF
-145 =020 -0e29 —0s43 w8 JUINF -1e5 -0.10 ~0e27 -0440 WB/UN IF
002 0.0 -0.06 cP 0.01 -0.05 -0.07 cP
-0.,04 0s 05 0s 06 CcPY 0.01 0,07 0,05 CPT
11.9 21.2 27.8 THE TA 60 206 2445 THETA
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TABLE B9.- Concluded

R= T+ SS DELTA= 45 DEG
X/D0= 19.93 UINF= 38 0 M/SEC
Z2/0= 7.37 PHI= 151 DEG
YB/sD| 0.0 3.01 591
2B/0
1.38 1.59 0.95 UB/UINF
-0es01 0e22 0. 03 VB/UI NF
1.5 022 =-0s31 -0.38 wB /UINF
=047 =0e52 0.02 cP
050 1.18 0. 07 CPTY
99 13.1 22 43 THETA
125 1.64 0. 98 UB/ZUINF
=0.01 Oel6 -0.01 vB/U INF
1.0 0.30 =031 =0.36 WB/UINF
=033 ~0e56 =0.03 cP
0434 126 0.07 CcPT
14,1 11.7 2041 THETA
117 1.68 099 UBZUINF
0«0 006 -0, 04 VB/UINF
0eS 0.33 -0.36 -0+ 38 WB/UINF
~0.27 -0e58 -0.05 cpP
Oecl 1,40 0. 07 cPrT
16,1 12.3 21,0 THETA
112 152 0. 97 UB ZUINF
0«0 ~0,01 ~0 .06 VB/7U INF
0.0 0,30 -0e39 -0e 36 WB/UINF
=~0.20 ~0.53 -0.03 CcP
QelS 095 0.04 cPY
15.1 14,5 20.5 THETA
1.09 126 0.+98 UBZUINF
0s01 ~0.,16 ~0e 07 VB/UINF
~0e5 0423 ~0438 ~04 36 WB/UINF
~0e13 ~0e38 -0+ 04 cpP
0.12 06 39 0. 06 CcPT
12.3 18.3 20,1 THETA
107 1.24 0.98 UB/ZUINF
0.0 ~0.21 ~0.08 VB/U INF
~140 0e1S5 -0.33 ~0. 34 wWB/UINF
-0 612 ~0.32 -0« 04 cpP
005 037 0. 05 CPT
8,4 17, 6 19,1 THETA
1,06 111 0+ 99 UB/UINF
-0.01 =06 26 ~0. 09 VB ZUINF
=15 0.+05 -0.29 -0433 WB/ZU INF
=007 -0.18 -0407 cp
0.06 0.21 0.04 cPT
S.0 19,5 18.3 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B9.- Cross-section velocities for

R =8 and DELTA = 450,
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TABLE B10.~ TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 8 AND DELTA = 60°

R= 8,01 DELTA= 60 DEG R= Te94 DELTA= 60 DEG
X/D= 196 U] NF= 38.2 M/SEC X/D=  3.95 U INF= 37 .9 M/SEC
Z/0= 1.97 Phl= 41 .0 DEG Z/D=  3.46 PHI = 37.0 DEG
Y870 0.0 tel7 2430 Y8/0f Q.0 1«71 343
Z8/D Z8/0
0.68 0.69 0.74 UB Z/UTINF 5,06 0,79 074 UB/UINF
~001 0e21 G« 06 vB/UINF 0.l 0439 0e902 vB/UINF
1.5 ~0446 -0.74 -0, 80 WB /UL NF 1.5 1.01 -0.83 ~Ce77 wB/UNIF
027 -0.08 =0.21 cP ~4,10 =0.77 ~0e10 cP
~0e05 Qe 0 -0.01 CcPT 24 .00 -0,.,29 0.03 CPT
34.1 47.7 47,2 THETA 1.8 48.7 4641 THETA
4,68 0.80 O« 81 UuB/UINF 2448 1,46 0.80 uB /UINF
~0.14 035 0.0 VB/ U NF -0e04 0043 =003 VB/UINF
1.0 177 =096 =085 wB/UINF 1.0 [ -0.83 ~0e78 wB /UNIF
3495 =0.,77 -0, 40 cpP ~3.76 -2.45 ~0.23 CcP
29 «99 -0.08 -0.02 CPT 1.73 -0, 42 0.02 CPY
20.9 513 4644 THETA 104 322 44,43 THETA
557 1.36 0.85 UB/UINF 1417 1, 82 0.87 UBZUINF
~0.31 035 =0e 07 VB/UINF ~0 .07 0.21 ~Gel2 VB Z/UINF
045 1.68 =-1.27 -0.89 WB/ZUINF 0.5 1,10 =0.52 ~0.78 WB/UNIF
4,79 -3.,03 =053 cP =177 =-3.10 ~033 cP
41436 -~0s81 ~0.01 CPY ~0.16 0,18 0.04 cPY
17.5 43,9 46 .6 THETA 43.4 2743 4242 THETA
1e22 le21 0. G5 UB/ UL NF 0,93 1.18 0.87 UB/U INF
=0 +05 =059 =026 VB/UINF 0.03 -0+ 51 ~0e16 VB/UINF
0.0 1+ 26 =135 ~0.81 w8/ UINF 0.0 0.97 -1.06 ~0e75 wB /UNIF
=171 =2.67 -0+ 64 cp =086 =-1.,57 ~0e29 cP
040 0.0 -0.02 CPY -0e.04 0,23 0.05 CPT
46,0 Stel 42,2 THETA 4641 4545 41.4 THETA
1.06 1.04 0.90 UB/ UINF 0e9% 0.95 0«85 U /UL NF
0«0€ ~0e66 =026 vB/UINF 0 .06 -0.57 -0.20 VB/UINF
=045 0433 =075 =04 80 wWB/UINF ~0e5 0.46 -0.73 =076 YB/7UNIF
=0.43 =107 -0.50 cp =-0.27 -0.72 -0.28 CcP
=020 0. 03 0.03 CPT =-0.15 0,05 0.07 CPT
17,2 44.7 43.3 THETA 25.9 4448 4246 THETA
0.94 1. 00 0. 86 UB/ZUINF 0.96 0,99 089 UB/UINF
0401 =0.46 =04 25 VB/UINF G.03 ~-0042 -0.20 VB/UINF
~1e0 =027 =0.60 -0.73 WB/UINF =10 0.05 -0es54 =067 wB /UNIF
~-0.11 =Ce46 =0, 36 cp ~0.04 -0.43 -0.28 CcP
~0.15 0.12 =0.02 cPT ~0.11 0,03 0.01 CPY
15.9 7.9 41.9 THETA 3.0 352 38.2 THETA
0.82 0.94 0.82 UB/U INF 091 084 087 UB ZULNF
0.02 =0.29 ~0s 26 VB/UINF 0.02 =035 ~0.19 VB/UINF
=1.5 =053 =062 0,74 wB/UINF ~145 -0.20 - Q. 49 -0.68 WB/UNIF
-0.08 -0e22 =0.,23 cP 0.02 -0.07 =017 CcP
-0.13 0s13 0.07 CPT =011 0,01 0.07 cPT
32.8 36.7 43.9 THETA 12. 6 365 3940 THETA
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TABLE B10.- Continued

R= 8.00 DEL TA= 60 DEG R= 8¢ 02 DELTA= 60 DEG
X/0= 6495 UINF= 38.0 M/SEC X/D= 19,93 UINF= 38.1 M/SEC
Z2/0= Sa17 PHI= 29 .0 DEG Z/D= 9.66 PHI = 15.0 DEG
YB/O| 0.0 1.72 3.33 ¥YBsD| 0.0 2,83 5.89
r4-V45) z8/0D f
2,04 2.41 0.21 uB /UL NF 1.23 1.41 0.94 UB/UINF
-0.02 0456 0.08 VB/UINF ~0.02 0426 0.07 VB /UINF
1.5 0e37 ~0.26 ~0.70 WB/UIN 15 0.29 ~0425 -0.39 w8 /UNIF
-1,66 -2.17 -0415 (o] -0.,33 - 0031 0.01 cP
1.69 312 0.02 CPY 0.29 0.82 0.06 CPT
107 13. 4 41,0 THE TA 14.0 13.9 23.5 THETA
1.38 2439 0485 UBZUINF 1.28 1.54 0.98 UB /UINF
-0402 0.40 0.02 VB/ULNF -0,.,05 021 0405 VB/U INF
140 0 .68 -0437 -0.72 WB/UINF 140 0e37 ~0a26 -0.38 wB/UNIF
-1.13 -1.93 -0.27 cp -0.36 -0451 -0.05 (4]
0.24 3.20 ~0.02 ceY 0.42 0.98 0e006 CcPT
26.5 11 .9 40 .4 THETA 170 11.9 21.8 THE TA
1.36 2.27 0.88 UB/VUINF 1.16 1.59 0.98 UB/UINF
0.01 020 -0.06 VB/UINF -0.09 0616 0.01 VB ZUINF
0.5 0.78 -0.50 -0, 74 wB/UINF 0.5 0446 -0.28 -0.39 WB/UNIF
-1.27 -2,09 -0.33 ce -Q0.29 -0e 54 ~0.07 P
0,22 2,42 0.0 cPT 0.27 1e12 0.05 cPT
29.8 12.9 40.1 THE TA 22.8 11,0 22.0 THETA
1410 2.09 Oe 84 UB/ UINF] 1.20 1.58 1.00 UB/UINF
-0.01 ~0.14 -0.18 vB /UI NF -0.08 0.07 -0.03 VB/UINF
0e0 0.70 -0e57 -0.73 WB/UINF 0e0 045 -0630 -0.39 wB ZUNIF
-0.86 ~2.11 —0426 cp -0 .41 -0,58 ~0.13 cP
-0.15 1.66 0.01 cPT 0.24 1. 05 0.02 CPY
32.7 16.2 41.8 THETA 2146 10.8 21+ 3 THE TA
1.04 1.23 0.97 UB/UINF 1.16 1. 51 0.99 UB /UINF
-0.03 ~0s40 ~0.24 VB/UINF -0.04 -0402 -0 405 VB/UINF
=05 0.48 ~0e59 -0 466 WB/UINF ~0.5 0.39 ~0433 -0440 WB/UNIF
-0e41 ~1.22 -0 ¢33 cp ~0.40 -0e46 -0.09 cp
-0,08 ~0s18 0,10 CPY Uell 0,94 0.06 cPT
24.8 30.9 35.8 THETA 19. 4 12.6 22.0 THETA
0+9% 1.10 0. 90 UB/ZUINF 1.10 1.51 1,00 UB/U INF
-0.,01 ~0.54 -0,.25 VB/UINF ~0.09 -0.06 -0406 VB/UINF
-1.0 0.23 ~0e40 -0.60 WB/UINF -140 0436 -0.33 ~0439 WB /UNIF
-0,04 -0e51 -0.,20 cP -0.23 -0.50 0.1t cp
-0,09 0.16 0.02 CcPT 0.11 0.93 0.06 CPT
13.6 32.4 35.9 THETA 19.5 12.8 21.4 THETA
0,97 0.98 0.90 UBZUINF le04 1,38 1.00 Ug ZUINF
0.01 ~0642 -0. 24 VB/UINF -0.,02 -0.20 -0.08 VB/UINF
-1.5 Q.02 ~0.37 =057 wB /UINF -1.5 0.26 -0.28 -0.37 WB/UNIF
0.0 ~0e¢l4 —0.13 ce -0 415 -0e48 -0.09 cp
~0406 0.13 0. 07 cPT 0.0 0455 0406 cPY
2.0 30.5 34,7 THETA 14.8 14.5 2043 THETA
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TABLE B10.- Concluded

R= 8,00 DELTA= 60 DEG
X/0= 9¢93 UI NF= 38.1 M/SEC
Z/0= 6.50 PHI= 24,0 DEG
YB/D] 0.0 0.0 2001 3. 89 4,09 7 .86
z8/0
1.48 1.48 199 0.89 0.85 0.91 UB/UINF
=004 -0.03 0,42 0,09 0,07 0.01 VB/UINF
1.5 044 0.44 -0¢26 ~0e61 =060 -0e47 wB/UINF
-0+ 84 =085 -1¢19 ~0.16 ~0.,10 0.0 cP
0,56 0455 2006 0,01 0e 02 0. 06 CPY
17.1 16.9 12.9 3446 35.2 276 THETA
1.41 1e34 2,15 0.90 0. 89 0. 93 UB/ UI NF
0.01 -0.04 028 002 0.0 -0.01 vB/UINF
1.0 0.54 0e61 -0.43 ~0e62 =0s62 -0.45 wWB/UINF
=097 -~0e«85 =138 -0 20 ~0.18 -0s03 cp
0,32 034 2457 0.0 040 005 cPT
2049 24,48 12,8 34,3 34.9 2601 THETA
123 1.27 2001 092 0.92 0.94 UB/UINF
=005 -0.08 0s17 ~0. 06 -0.04 -0+ 03 VB/UINF
0.5 0,68 0.66 =039 ~0e66 -0 62 ~0¢46 wB/UINF
~-0.79 -0 94 -1 35 -0.25 -0.22 ~0.048 cP
Q.20 Oal2 1.94 005 0. 01 0e 05 CcPT
2G5 2840 11.4 35.7 34 40 2643 THETA
1.03 1.06 1.80 090 0.97 0+ 94 uB/VINF
0.02 -0.01 -0.12 ~0el6 ~0.10 -0402 VB/UINF
0.0 0466 061 -0e49 =060 =059 -0+ 44 B /UL NF
-0,.,58 =062 -1 31 =023 ~0e32 =007 ce
-0,07 ~-0s 11 1. 23 -0e 04 -0,01 0,01 CPT
32.5 30.2 15.9 34.6 31 .4 25.4 THETA
1.08 1. 04 1. 54 0.91 0e 92 0,92 UB/UINF
-0 .02 ~0.11 -0.22 -0e17 ~0.18 =0.04 VB/UINF
=05 O0.48 0.47 ~0e49 =060 ~0 .58 -0 45 WB/UINF
-0es41 -0.35 -0.99 -0e20 ~0. 22 =0, 02 cP
0.0 -0.,04 0469 0.02 0.01 0,03 cPTY
24,3 2546 19.8 34,3 33,3 2643 THETA
1.03 1.02 1.25 0.98 0+95 0e 92 UB/UINF
-0,02 0,03 ~0es42 -0.16 ~0.21 -0.,06 VB/UINF
=140 0 .29 0031 =039 -0e52 ~0.51 =0.+46 wWB/UI NF
-0e21 ~0e13 -0e58 =-0e2¢ ~0.17 -0.01 cP
-0.0S5 GCe 0 0«33 0. 04 0¢ 04 0.05 CPT
162 167 255 28.8 30.1 2645 THETA
0,99 Qe G7 14 09 0e¢ 95 Qe 91 0es91 UB/UINF
-0,01 -0.02 -0.43 -0.20 -0e21 =0.06 VB/Z/UINF
=195 0,13 Oel2 =0.32 =0e51 =052 -0 e¢45 WB/U INF
-0.07 -0.01 -0+ 30 -0s13 -0e11 -0.03 cP
-0.,07 -0.06 0.18 007 0.04 0,01 CPT
8.0 8.4 271 29.9 31,3 26 3 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B10.- Cross-section velocities for R = 8 and DELTA = 60°,
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(b) Cross—-section velocity plots.

Figure B10.- Continued.
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(b) Continued.

Figure B10.- Continued.
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Figure B10.- Concluded.
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TABLE B11.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 8 AND DELTA = 75°

R= 8.04 DELTA= 75 DEG = 799 DELTA= 75 DEG
X/D0= 196 UINF= 37.9 M/SEC X/7D0= 3,95 U INF= 38,6 M/SEC
Zs/7D= 3.88 PHI= S1.0 DEG Z2/D0= 4,94 PHI = 42,8 DEG
Y8/D 0.0 1.08 2¢29 YB/D| 0.0 1.50 3 .47
Z8/D ZB/D
061 [P T Qe 47 UB /UL NF 3.02 2433 0.61 UB/UINF
0 .08 027 Os10 v8/UINF 0.0 Ge 7S 0.09 VBZUINF
1e5 ~0e 48 —Q0e76 -0e 89 wWB/UINF 1.5 0«36 -0.24 -0.89 wB /UNIF
-0e19 0. 07 ~0. 06 -4 429 -3.17 -0.16 cP
=058 -0+08 ~0.03 CcPT 4e22 1e GG 003 CcPT
385 60.9 6240 THETA 7.0 1745 55.6 THETA
3.88 0e.72 0e56 UB/ZUINF 1e22 2867 O0e71 UB/ZUINF
~-0.08 Oe48 0.18 VBZUINF -0 409 0.65 0.06 vVB/U INF
1.0 1428 -0.82 ~0.96 wB /UINF 1.0 0.76 -0e41 -0e92 WB/ZUNIF
=133 -1,13 -0.30 cp ~1.97 -3.41 —0e45 cp
15.28 -0s70 -0.02 CPT -0.90 3.52 -0.08 cPT
1845 €246 60.0 THETA 32.3 1541 S22 THETA
4.71 2419 0s 63 UB/UINF 1.04 2,63 073 UB/U INF
~-0.03 1.12 0.06 VB/UINF 0.02 0.40 ~0e05 VBZUINF
0.5 079 -0e49 -1+ 03 wWB/UINF 0.5 1.21 -0.67 ~0 95 w8 /UNIF
-5.15 -3.64 -0.66 cP -1491 -3446 =0452 cP
18.48 1.80 019 CPT 032 3623 -0.08 cPT
9.7 2842 58,7 THE TA 49,3 15.9 52,7 THETA
1.04 3.15 0. 64 UBZUINF 0499 2415 073 Ut /UL NF
-0.07 0.97 -0, 08 vB /UL NF 0.01 =-0.04 -0.17 VB/UINF
0.0 1e24 =-0+84 -1.09 WB/UINF 0.0 117 -0e 84 =096 w8 /UNIF
-2 89 -4496 -0. 85 cP -1 .76 -3.06 -0446 cP
~14213 €.03 -0s 24 CcPTY -0+40 1.36 003 ceT
5041 213 598 THETA 49.9 21.6 5361 THE TA
091 24,37 0.67 UB ZUI NF 0.89 1.58 0.77 UB/U INF
-0.,01 Deld =0 431 VB/UINF 0.04 -0e51 -0+430 VB /UINF
-0e5 1.51 -130 -1, 15 w8/ UINF ~0e5 0 .84 =078 -0,90 WB/UNIF
-2e71 =-4.64 -0.68 cp ~0e87 —-2e 42 -0e.44 cp
~0e¢ S9 1.87 0s20 CPT -0.36 -0,03 0,08 CPT
58.9 2849 60.8 THETA 43,5 31,3 5140 THETA
0.80 1.28 O0e 75 UB/ZUINF 089 1e15 047G uB /U INF
=002 -0.84 ~0e¢ 33 vB /UI NF 0.03 -0.67 -0..33 VB/ZU INF
~140 093 -0e93 -0.99 wB/UINF -1.0 Qedl ~0e58 -0.82 wB ZUNITF
-1e10 —-2432 -0. S0 cP -0 447 ~1.08 -0440 cp
=058 -0.07 -0e23 CPT =0450 Qe 04 0.01 cPT
49,4 45,1 54 .6 THETA 2446 3846 4845 THE TA
0 .83 0.93 0e73 UB/U INF 0.82 Je 90 0487 UB/7UINF
0.0 =067 -0e¢43 VB/UINF 001 ~0458 ~0 430 VB /U INF
~145 0e26 =067 -0.S3 w8 /U NF =145 0.08 =-0.51 -0 +76 wWB/UNIF
~0+56 =077 -0e¢44 cP -0s.17 =024 =0e4l1 CpPp
-0.81 G0 O0s14 CPT -0 .48 0.17 0,03 CPTY
17.8 46.3 54,9 THETA 6.0 41.7 43.3 THETA
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TABLE B11.- Continued

R= 7«99 DEL TA= 75 DEG
X/D= 9. 94 UI NF= 21 ¢4 M/SEC
Z/D= 820 PHI= 19.,1 DEG
YB/D] 0.0 2465 Se 14
ZB/D
109 1.61 0. 91 uB/UINF
0.02 043 0011 VB/UINF
145 0667 -0e22 -0e 52 WB/U INF
~0.69 -0.84 ~-06 07 cP
=006 0.98 0,05 CcPTY
31.7 162 30.4 THETA
0493 1.66 0.83 UB/UINF
~0e01 0e36 0, 04 vVB/UINF
1.0 0.83 -0e27 ~0.58 w8 /UINF
-0e68 =110 040 cP
-0.12 0.88 04,03 cPT
41.9 14.4 3543 THETA
0,57 1.72 0.93 UB /UL NF
-0 401 0.18 0.0 VB/UINF
[+ P 0. 88 -0.38 -0.55 wWB/UINF
=070 -1e19 -0.12 cp
0«04 0495 0. 04 cPT
42,3 135 305 THETA
0.98 163 1,06 UB/UINF
0.12 0.10 06 09 vB/UINF
0.0 0.81 ~0e43 -0,49 wB/UINF
~0. 85 ~1.23 =037 cpP
~0ec1 0461 0,01 cPY
39.6 1540 255 THETA
0.93 1453 0.95 UB/UINF
0.01 -0.18 -0e13 VB/UINF
| =05 0.73 -0s4S -0, 52 wB/UINF
=0 +50 -1.10 -0.14 cP
~0e11 0«87 006 cPT
| 1 38.3 17.9 291 THE TA
I OeS6 139 1.01 UB/UINF
i | O.11 =030 -0, 06 VB /UINF
| =10 0.55 ~0es34 -0.,48 wB/UINF
~0.38 ~-lel4 =0.25 cpP
~0 .14 0.0 0,0 cPT
295 18.7 2543 THETA
0 .96 1e22 1,02 UB /UI NF
0.09 =-0e36 =0+ 09 VB/Z/UINF
-1e5 Ot -0e 21 -0.“6 W8 /UINF
~0e25 =070 -0.22 cP
-0e16 0e 01 0. 08 CcPT
23.0 2241 24 .4 THE TA

R= 8.00 DELTA= 75 DEG
X/D= 9.94 U INF= 38.3 M/SEC
Z/D= 8.20 PHI= 19.1 DEG
YB/Dl 0.0 2,66 Sel6
ZB/D
I.1a 1.64 0.93 us/UINF
~0e01 0,41 0.10 VB/UINF
1S Ue69 -0.22 ~0+54% WB/UNIF
-0.74 -1,01 -0.13 CcP
0. 05 0e 92 0.05 cPT
3143 153 30.7 THETA
1.06 1. 74 0.90 UB/UINF
0402 0429 0406 VB/UINF
1.0 0.80 =0.31 =0.57 WB/UNIF
-0 .84 ~1,07 -0e012 cP
=0.,07 1417 0.02 cPT
36.8 13.3 3245 THETA
100 1.68 0.98 UB/UINF
0.0 0. 25 0.0 VB/ZUINF
0.5 0.91 -~0e37 =055 WB/UNIF
-0.81 =1.,06 =0422 cP
0.02 1.00 0.05 CcPY
42.4 14 .5 29.1 THETA
0+95 1465 1.01 uB /UINF
0.04 0,09 =0.03 VB/U INF
0.0 0.85 =0. 45 -0a.52 WB/UNIF
—0.77 1413 ~0.29 cP
=012 0.85 0.01 CPT
41.8 15+4 27.2 THETA
0495 1.52 0.98 UB/UINF
~0.08 ~0.18 -0e14 VB/UINF
=05 0.76 -0.43 =0.52 WB/UNIF
057 -1.08 -0.19 ce
~0.08 0.47 0.06 CPT
39.2 173 2847 THETA
0.97 1636 0.99 UB /UINF
Q.02 -0.31 -0.11 V87U INF
~1le0 QeS8 -0¢38 -0e49 WB /UNIF
[~0 39 -0.91 -0.22 cP
|=0e11 0.19 0.02 cPT
30.8 20+ 4 2646 THETA
0e 96 118 0.98 UB/ U INF
0406 -0.39 ~0.,13 VB ZUI NF
=145 Oe4} ~0432 -0.46 WB/UNIF
=0.22 -0459 =-0.21 cp
~0+13 0.08 -0.01 CPT
23.3 2443 2546 THETA
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TABLE B11.- Continued

R= Te99 DEL TA= 75 DEG
X/D= 19,97 UINF= 38,0 M/SEC
Z/D0= 1150 PHI= 17 «0 DEG
YB/0[ 0.0 3.42 T.02
28/
1e11 1. 26 0 G2 UB ZUINF
0,01 0.28 0.06 VvB/UINF
1e5 0037 -0.36 =-0e42 wB/VUINF
-0.+36 =-0437 0.0 cP
0,02 0e43 0,04 CPT
18.6 19. 9 2545 THETA
1.06 1.28 0,93 UB/UINF
-0.03 019 0. 03 VB ZUINF
1.0 0«44 ~0.38 -0 .42 WwB/UINF
-0,33 ~0e39 -0, 02 cp
~-0,01 Ge44 0,03 cPT
23.1 18.4 24 «6 THETA
1.17 1e37 098 UB/UINF
-0.,03 0.15 0.01 VB/UINF
0eS O0s47 ~C0e 41 -0e 42 WB/UINF
-0 +49 ~0e55 -0,08 cp
0.10 0e 54 0+ 06 CPT
22.4 17. 6 23.4 THETA
1.11 133 0.97 UB/UINF
-0.08 0,07 -0.01 VB ZUINF
0.0 0+50 ~-0e+42 ~0e4l WB/UINF
-0e42 ~0e48 =0. 08 cP
0,06 0,48 0,03 cPY
2542 17.8 2342 THETA
1.06 1.33 0e95 UB /UINF
-0a.02 0.02 =0+02 VB/ZUINF
—0.5 0447 -0s46 -0, 42 WB/UINF
-0 <41 -0e41 ~0.06 cp
-0.04 059 0s02 CcPT
24 04 19.1 23.8 THETA
112 138 0698 UB/UINF
-0.05 -0.08 =~0405 VB/UINF
=140 O0e41 ~0.43 ~0.41 wWB/UINF
-0.+328 -0e54 ~0,. 08 cP
0«05 0456 0,05 CPT
20.8 175 22 6 THETA
106 1.29 Q.98 UB/UINF
-0.04 ~0el5 ~04 06 vB/UINF
=145 0435 -0s40 ~0e 40 wB /UINF
-0+24 —0+43 ~0,.,10 cP
0.0 Gs43 0. 03 cPT
18.9 18.4 21,9 THETA

g XIANIddv
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TABLE B11.- Continued

R= 8,02 DELTA= 75 DEG
X/70= 3495 U INF= 38 .5 M/SEC
Z/0= 4.93 PHI= 39,1 DEG
YB/D| 0.0 1.46 169 339
Z8/0
2463 2468 212 Qe72 UBZUINF
002 073 Q.68 0.10 VB/UINF
15 0446 0.08 -0e27 ~0.84 wWB/UILNF
~3.76 =344 -2¢92 -0.28 CcP
2456 3¢50 1. 17 ~0+.05 cPT
10.0 13,1 18.0 49,8 THETA
1«04 2.74 2453 0.78 UB/ZUINF
-0 07 0.60 0667 0.06 VB/UINF
1.0 067 =017 -0+40 =090 WB/UINF
~-1475 =355 -3, 30 ~-0s43 cP
-0e72 J.53 2486 =0.01 CcPT
43.2 11.6 16.2 4943 THETA :
1.02 277 2456 0.85 | UBZUINF ot
-0.02 0.35 0437 -0.10 | vB/UINF g
05 125 ~0e44 =0.61 -0.89 wB /UINF o
=205 =-3.69 =3 ¢65 =0e61 cp —
-0e42 J.51 2. 58 -0.,08 cPT >
50.9 10.8 15.1 46.3 THETA -
0.86 ce 37 2023 0.80 uB/Z UL NF
0.03 -0e12 -=0+0S5 -0.18 vB/UINF
00 1.20 -0+55 -0478 =092 WB/UINF
~1e67 =342 -3433 -0e47 cP
-0 +48 1.66 136 0.05 cPT
5443 13.6 19.5 49.4 THETA
0 .87 169 136 0478 UB/UINF
0«04 ~0e60 -0e 67 ~0e30 VB/UINF
=05 0«80 -0.54 -0+ 82 -0.90 w8 /UINF
~-0e90 =250 -1.97 -0.37 cP
-0 .49 0s04 06 03 0,16 cPeT
42.4 26.4 38 .5 50.4 THETA
0.82 1011 1.08 0.81 UB/ UINF
-0.01 -0.72 =070 -0430 VB/Z/UINF
=140 0.42 =041 =061 -0.80 wB/UINF
-0 431 -0.92 =097 =0+31 cP
-0+46 001 0.07 0.08 CPT
273 37.8 41,5 46,8 THE TA
0.81 093 0491 085 UB/UINF
-0.02 -0s53 —-0e53 =029 VB / UI NF
=15 0.09 ~0e38 -0.52 ~0.74 wB/ULINF
: -0.19 -0.19 -0+25 -0+28 cP
-0.51 Oel1 0,13 0.08 CcPY
6«9 36.1 40,1 43,3 THETA
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TABLE B11.- Concluded

R= 7«99 DEL TA= 75 DEG
X/0= 1007 UINF= 319 M/SEC
Z/70= 8420 PHI= 19.1 DEG
YR/D| —4 .92 —-2e25 0.0 0.0 2¢ 65 Se13
z8/C
095 1.73 1. 16 1417 1.67 0.92 UB/UINF
=005 -0.41 0.01 =006 0,43 0+10 vB8/UI NF
15 ~0e56 -0e19 0064 062 -0.25 -0e453 WB/UINF
-0.13 -0 89 =079 ~0e 85 - 0. 96 =-0.09 ce
0.09 1.34 -0,02 -0.,09 1.07 0.05 CcPY
31.9 19,3 29.0 285 1S5.8 30.8 THETA
0.90 1.82 102 1.00 1.68 0. 85 uB/ZUINF
0.0 ~0.28 -0, 01 002 0.34 0,05 vB/UINF
10 ~0 «58 =024 0. 80 Q.79 -0, 28 -0.58 wB/UINF
-0e15 =126 -0e75 ~0e76 ~1lell ~-0.08 cP
0.01 1,22 -0. 07 -0615 0, G4 =-0.02 CPY
33.7 15.4 38.3 3843 14,1 3445 THETA
0.98 1.83 Qe 99 0¢ 99 1,72 0. 97 UB/UINF
0.05 ~0e13 =0.,01 -0.04 0.19 -0.03 VBZUINF
0e5 =055 -0.27 0. 87 0.89 -0+¢30 ~0¢56 wWB/UINF
~0e621 -1e31 -0.82 -0.73 -1e 30 -0 20 cP
0.07 1e17 =0 .07 0.06 Oe.81 0406 CPT
2S.7 12.2 41.3 4242 11.2 30.0 THETA
1.01 1.70 0.97 1.03 163 0.94% UB/UINF
CelS 0. 02 -0. 04 0.07 0,03 -0.01 VB/UINF
0.0 -0 «53 -0.28 0481 0.79 -0.40 -0e56 wB/UI NF
=0e 29 =137 -0. 80 -089 ~1e¢24 ~0e24 cP
0,03 0. 61 =0.21 -0e20 0,58 ~0404 cPT
276 103 40 <3 373 13.9 30.6 THETA
0496 1.54 0. 96 04 96 1.39 096 UB/UINF
015 0s24 -0+ 04 002 -0e21 -0.12 VB/UINF
=05 -0e.54 ~0s35 0670 0e72 -0e43 -0 453 wWB/UINF
-0.19 ~-1413 —-0458 ~0e55 -1 07 ~0s17 cP
005 O.44 -0.16 -0es11 0+09 0.05 CPT
29,1 13.2 36.4 37.0 1945 2945 THETA
0499 132 0497 0.94 131 099 UB/UINF
0622 040 0. 0 0.10 -0,32 ~0.10 vB8/UINF
~1e0 -0 +48 =023 0455 058 -0637 -0.51 wWB/UINF
=-0s21 =092 ~0446 -0e36 -0492 -0e22 cPe
0.06 0.05 -0+23 -0el2 0,03 0, 02 cPT
26.0 15,2 29 .8 31.5 212 27 ¢4 THETA
1 .00 1.13 0, €S 0699 1,15 0, 99 UB/UINF
023 0.49 0.01 007 -0.42 -0e¢13 VB/UINF
=145 -0e45 ~Q.18 06 40 0.38 -0.31 -0447 wWEB/UINF
-0 .21 =048 =0,.23 —0e26 -0e58 -0.21 cP
0406 0. 09 017 -0.12 0.01 Ge01 CcPT
24,5 20.3 23.2 20.8 25.1 25.8 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B11.- Cross-section velocities for R = 8 and DELTA = 759,
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TABLE B12.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 8 AND DELTA = 90°

R= 7095 DEL TA= 90 DEG R= 7.98 DELTA= 90 DEG
X/D=  3.96 UINF= 21 .2 M/SEC X/D= 3.95 U INF= 3840 M/SEC
Z/0= €,.,56 PHI= 35.0 DEG 2/D= 6.56 PHI= 35.0 DEG
jf
Y8 /0| -0.322 1.88 3.95 YB/D| 0.0 1.88 3,95 .ﬁ* o
i
2870 z8/0
117 1.86 072 UB/UINF 1,05 1.99 0.73 UB /U INF
-0e21 0.60 0416 VB /UL NF -0.02 0462 0.14 VB/UINF
1.5 0.49 -0.03 -0.79 WB/UINF 1.5 0657 -0405 ~0.82 W8 /UNIF
-1.27 -1,92 -0. 16 cp ~1437 ~2.13 -0.18 cP
. =0 4«62 0.90 0,01 cPY -0,93 1.27 0.06 CPT
28.¢ 16.8 48,0 THETA 28.6 16.4 45,0 THE TA
0498 2400 0.78 UB/UINF 0.85 1. 82 0.84 UBZUINF
-0s 30 0.48 0.10 VB/UINF 0.09 0052 0.12 VB ZUINF
1.0 0.86 -0, 26 -0.85 wB /UL NF 1.0 1.02 ~0.23 -0 .82 WB/UNIF
~1453 -2,33 -0.27 cP -1.35 -2e13 -0.48 cP >
-0e73 0. 99 0. 06 cPY -0.59 0.55 -0,.,07 CcPT g
43.6 14,4 47.6 THETA 5041 16.5 44,8 THETA e
1.28 1.93 0.79 UB/UINF 1.02 24,08 0.83 UB/UINF g
~0 .07 0.33 0.0 VB/UINF -0405 0. 3% -0.02 VB/UINF —
0.5 0090 -0e23 -0.88 WB/U INF 045 1415 -0e¢3€ -0.8% wB /UNIF (Y]
-2.27 ~2.54 -Ce 42 cp -1.98 -2.77 -0.51 cP
-0 .82 0.38 -0.,03 cPT -0.61 0. 85 -0.03 cPT w
3546 11.0 47,9 THETA 48,6 1243 4741 THE TA
1.00 1.88 0.87 UB/UINF 0.71 1.90 0.81 UB/UINF
Osl4 0el5 -0.13 VB/UINF ~0.03 0+06 -0l VB ZUINF
040 1.12 -0.46 -0,66 w8 JUINF 0.0 1.18 -0.47 -0.89 WBZUNIF
-1.86 -2.73 ~1.01 cp ~1,60 ~ 2465 -0.54 cP
~0455 003 -0, 80 CPT -0 469 0,22 ~0.09 cPT
48.3 14,1 37.9 THE TA 59,2 13.9 47.9 THETA
0.93 1.69 0.82 UB/ZUINF 0 .84 1.75 0,83 UB/UINF
0435 -0.29 -0.17 VB /UINF 0.03 -0.27 ~0.26 VB/UINF
-0.5 1.03 -0.48 -0.89 WB/UINF -0e5 1,09 ~0.46 -0490 wB /UNIF
-1,33 -2.61 -0, 42 cP -1,38 -2.59 -0.48 cp
~0.28 -0e45 0.08 cPT -0.47 -0.21 0409 CPT
4846 18.9 A7.7 THETA 52,3 1746 48.3 THETA
0497 1.31 0.82 UB/UINF 0.76 1,61 0.87 UBZUINF
: 0.29 -0.57 -0.23 VB/UILNF 0.01 -0,57 -0,.28 VB /U INF
-1.0 0.74 -0.53 -0.84 WB/UINF ~1.0 0,90 -0,50 ~0,.82 WB/UNIF
~0,90 -1.68 -0 35 cP -0.57 -1.92 -0443 cP
~0.22 -0.36 0. 09 cPT -0.17 -0.34 0.09 cPT
38.3 1.3 46 .6 THETA 49,8 29.2 44,7 THETA
0,91 1.13 0e €5 UB/UINF 0.78 1,13 0490 UBZUINF
0.27 ~0.70 -0.34 VB/UINF 0.03 -0.68 -0.31 VB/UINF
=145 0,45 -0437 ~0.78 WB/ULNE -1.5 0457 e TLE -0e76 WB JUNIF
-0.34 -1,00 -0, 28 cpP -0.38 -0.99 -0 442 cp
-0,.,23 -0.10 0.16 cPT -0.43 ~ 0404 0606 CPY
284 € 35.9 4449 THETA 36.1 36.3 42,1 THETA




86

TABLE B12.~ Continued

R= 8400 DELTA= 90 DEG R= 8.00 DELTA= 90 DEG
X/D= 19.96 UINF= 38.1 M/SEC X/D= 19,95 UINF = 38+.1 M/SEC
Z/D0= te 75 PHI= 157 DEG Z/D= 14,00 PHI= 15.7 DEG
YB/D| 0.0 2¢74 S.40 YB/D| 0.0 2e74 Se40
zZesb ZB/0D
1.12 1.13 0,99 UB/UINF 1.05 Q.98 Qe 935 UB/UINF
-0405 021 Oesl14 VB/UINF 0,05 Q.27 G.18 VB /U INF
145 043 -0.14 ~0444 wB ZUTNF 1.5 0,08 -0e.16 -0e36 WB/UNIF
-0446 =059 ~0.15 cpP -0+25 ~0.16 ~0.01 cP
=0.,01 -0e2S 0. 06 CPT -0.13 -0.09 005 CPT
21.8 12.1 25 .8 THETA 402 17.0 2440 THETA
1.09 l1e14 1,03 UB ZUI NF 1.02 1.05 1401 uB/u INF
0.0 0.08 0.04 VB/UINF -0.01 0e25 0e¢15 VB/UINF
1.0 0+45 -0.20 -0e45 WB/UINF 1.0 0,21 -0.19 -0.35 wB/UNIF
~0 450 -0+56 -0.18 cp -0432 ~0.28 =011l cP
=0.10 -0.22 0+10 cPT -0.23 -0.08 0,06 CPT
2245 1066 23.9 THETA 12.0 16,0 21.3 THETA
1.00 1.16 1.02 UB/U INF 1.07 1.10 1.03 UB /UINF
-0.,02 -0 05 0.0 vB/UINF -0.,01 0,24 0.15 VB/UINF
05 0.51 =017 ~0 446 WB/UINF 05 0.31 ~0s14 ~0438 WB/UNIF
-0.28 =057 -0.19 cP ~0 ¢34 ~0e42 -0el14 cP
-0.,01 ~-0.18 0.07 cePT ~0 409 ~0.12 0,09 cPTY
27.1 BeS 24,3 THETA 16.6 137 2246 THETA
103 1.14 1. 10 UB/UINF 0.97 1.07 104 UB/UINF
~De02 -0e12 =0405 VB/UINF -0.02 0s23 0.14 VB /UL NF
00 044 ~0e17 -~0. 35 wB/UINF 0.0 0.38 ~-0.20 -0+34 WB/UNIF
-0 37 -0.40 -0 440 cp -0.26 ~0. 43 -0.27 cP
-0e10 =-0s04 =04 05 CPT -0e16 ~0.19 -0.05 cPTY
23.3 10.8 17.7 THETA 2147 15.3 203 THETA
102 1.15 1.02 UB/UINF 1.07 1.12 100 uB /U INF
-0,03 -0e16 -0407 VB /UI NF =-0.,01 0.16 011 VB/U INF
~0e5 043 ~0.15 =0 445 wB/UINF =045 O0ed42 ~-0.186 -0e44 w8 /UNIF
=027 -0.44 -0.17 cp -0 e41 -0.51 -0.16 cP
-0 .04 -0e606 0409 CPY ~-0.10 -0.20 0+04 CPY
23.5 Lleb 236 THETA 218 1241 24. 8 THETA
1.02 1.17 1.01 UB/UINF 1.09 1.10 1.02 UB/UINF
-0.05 =0.16 012 VB/UINF -0.01 0.12 0.08 VB ZUINF
-1.0 0437 ~0e19 -0.43 w8 /UTNF -1.,0 0,45 -0.19 -0445 WB/UNIF
-0,21 =033 =0414 CcP ~-0e42 -0.51 -0e20 CcP
-0+ 04 0.10 Q.08 cPT -0.02 -0424 0.05 cPT
20.8 12+6 23.3 THETA 22.8 11.1 24 ¢4 THETA
0.98 1.23 1 402 uBs/7uUINF 1«04 1.17 1.04 UB/UINF
-0.03 ~0.19 -0e12 VB/UINF -0.05 0.03 0.03 VB/UINF
-145 0429 =017 —0.42 w8/U I[NF ~-1eS Oe4d4 -0.21 -0e46 wWB /UNIF
-0.15 -0.42 =0. 15 cp -0 «39 -0..S7 -0e22 cP
-0.10 0417 0.08 cPY -0el1l -0e 15 0,07 CPY
172 1261 2245 THETA 2345 10.1 2443 THE TA
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TABLE B12.- Concluded

R= 8,00 DELTA= 90 DEG
X/D= 9460 UINF= 37 .9 M/SEC !
Z/0= 6,72 PHI=  22.4 DEG !
: |
v8/D| -4.56  -2.53 0.0 2448 5401 g
zB/D
0.97 1e34 1.01 1.26 0.92 | ussuINE
-0.16 -0.35 =0.02 Q.42 0.19 | vB7UINF
1.5 ~0.59 =031 050 =-0.27 ~-0.56 | wB7UINF
-0.21 -0.89 =-0.58 -0.79 =0.15 cP
0.10 0.13 -0,31 0. 06 0. 06 cPT
34.6 23.3 26.9 20.9 33.0 THETA
0.99 1.38 1. 01 1.34 0.94 | uBsUINF ,
-0.13 =0.34 -0.01 0.33 0.18 | VB/UINF
1.0 —0457 =-0.36 0.68 -0.27 -0.58 | wB/UINF
~0437 -0.95 -0.76 -0.93 -0,24 cp
~0. 04 0.21 -0.28 0406 0.01 cPT
32.9 23.4 3a.1 17.0 32.6 THETA 2
g
1.00 1437 1.01 139 0.97 | UB/UINF g
-0.06 =0.21 -0.07 0,22 0.08 | VB/UINF
0.5 -0.63 -0.38 0.77 ~-0.35 =-0.62 | WB/UINF
~0e36 =-0.99 —0eB3 <-1,.10 =-0.31 cp S
0,04 0.08 -0,21 0.02 0.03 cPT 9
33.7 20.5 37.5 16.0 32.8 THETA
w
0.99 1,42 0,98 1.50 0.96 | uB/uUINE
-0.03 -0.13 0.0 0e11 0.03 | VB/UINF
0.0 -0.64 -0.37 0.78 -0.29 -0.63 | WB/UINF
~0s34 =1.01 =0.82 =-1,19 =-0.30 cP
0.07 0s17 =025 0.17 0.04 CPT
38,0 17.8 38,4 1led 33.5 THETA
0.58 1.51 0.99 1.48 0490 | UB/UINF
0.06 0,07 =0.05 =0.07 ~0+07 | VBZUINF
-0.5 ~0.63  -0.39 0e77 =038 -0.64 | WB/UINF
~0e38 =1¢13 =0.83 ~-1.12 -0.268 cp
~0.01 0.32  -0.28 0.23 0.0 cPY
33.0 14.6 38,4 148 35.6 THETA
0.99 1.46 0.93 1e47 0.97 | uB/UINF
0,09 0017 0.0 ~0+16  -0.08 | VB/UINF
-1.0 ~0e61 -0.35 0,70 =0.32 =-0.62 | wB/UINF
—0¢37 =1e10 =0+61 =—-1.11 =032 cp
0.0!4 0.21 -0.24 0419 0.02 CPT -
31.9 13.5 371 14.2 32.7 THETA :
0.94 1.28 0e95 1033 0.94 | UB/UINF !
0.21 0e34 =0.03 -0.31 <-0.19 | VB/UIN® i
~1.5 ~0.60 -0.36 0458 —0e35 -0e59 | WB/UINF :
=0e29 =-0.89 =0.41 =-0.90 -0.27 cp 1
0.0 0,02 <0416 0e11 0.0 CPT :
3243 183 31.8 19.7 33.0 THETA :
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B12.- Cross-section velocities for

R =8 and DELTA = 90°,
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TABLE B13.- TABULATED VALUES OF CROSS-SECTION VELOCITIES

AND PRESSURES FOR R = 8 AND DELTA = 105°

R= 8,02 DELTA= 105 DEG R= 8,01 OELTA= 105 DEG
X/D= 2495 UINF= 38,2 M/SEC X/D= 3,96 UINF= 38,0 M/SEC
Z/70= T..50 PHI= 33.0 DEG Z/D= 7.94 PHI = 28.0 DEG
YB/D] 0.0 4,42 4,42 YB/D] 0.0 2¢64 Se56
z8/0 z8/D
0.54 073 0.73 UB/UINF 0.82 143 0.84 UB/UINF
-0+¢10 0.21 0.21 VB /U INF ~0el4 Qe 45 Oel4 VB/UINF
15 0e?77 =0.76 =0.76 WB/UINF 15 Q.78 =0.23 ~0 .65 wWB /UNIF
~0+68 -0.17 -0.17 cpP -1.15 ~1.47 =-Je15 cp
~0.78 =0s02 =0.02 cPY ~0.83 ~0.15 0.0 cPT
55.5 47.5 47.5 THETA 44,5 19.0 38.8 THETA
0«75 0+80 0.80 uBs/uUINF 0.70 1.38 0.88 UB 7 UI NF
0.0 0.17 0,17 vB /UINF 0 .06 0,38 0,06 VB/UINF
1.0 0.88 -0.83 -0 483 wB/UINF 1.0 1,01 -0, 34 -0e67 WB/UNIF
~1463 =-0.36 -0+ 36 cp ~1.37 -1le54 ~0e24 cp
-1.29 0.0 0.0 CPT ~-0e85 =035 =001 CPT
49,4 46.9 4649 THETA 5540 19,8 377 THE TA
0.92 0.89 0. 89 UB ZUT NF 0.97 l.51 092 UB/UINF
=004 0.08 0.08 VB/UINF 0.04 Qe 24 0e0 VB /UI N
[+ PR 0.93 -0.83 -0. 83 wW8/UI N 0.5 0487 -0.39 -~0468 WB/UNIF
-2421 ~0.57 =0.57 cP ~2.,02 -1485 -0e32 cpP
-1.49 -0409 =009 cPT =131 ~0e33 ~0.02 CPT
45,4 43, 2 43.2 THE TA 41.9 16.7 3645 THETA
0e75 0. 81 0. 81 UB/UINF 0s067 143 0e91 UB ZUINF
0403 -0.08 -0.08 vB /UL NF 0.02 0.08 =003 VB/ZU INF
0.0 1.15 -0.90 =0.90 w8/ UINF 0.0 1617 =-0s43 ~0s70 wB/ZUNIF
-1.81 =0045 —=0.45 cpP -le.lé4 -1.76 -0.31 cp
~0 .90 0404 0.04 CPT -0.31 -0e52 0,01 CPY
5649 47.9 47 «9 THETA 60.0 169 37.8 THE TA
079 0.84 Qe84 UB/UINF 0,70 1431 0.89 UBZUINF
0e0 =-0.14 -0. 14 VB/ZU INF 0.17 -0el4 -0.09 VB/UINF
=05 1e13 ~0s90 =0. 90 wB/UINF ~0e5 1.10 -0452 -0.70 WB/UNIF
=L e67 ~0.48 ~0e48 cP -0.83 -1s72 ~-0e31 cpP
~-0e75 0,05 0. 05 CcPTY ~0e10 ~0e71 =002 cPT
5543 47,1 47.1 THE TA 57.6 22.4 38.0 THETA
077 0o 86 0. 86 UB/UINF 0.61 113 0496 uB ZUINF
0615 -0.25 -0.25 vB /UI NF -0.01 ~0e35 -0.13 VB/ U INF
~1.0 092 -0.84 -0 84 wB/UINF ~-1.0 0.91 -0e.54 ~0e66 wB /UNIF
=131 -0.42 =042 cP -0 55 -1.50 -0.+35 ce
=0 +85 0,09 0409 CPT -0435 ~0.79 0.02 cPT
5001 45.2 4542 THETA 563 298 34.8 THE TA
081 0.85 0+ 85 UB/UINF 0.90 1. 06 091 UB/ZUINF
0e02 =0.27 =027 VB/U INF 0.08 ~0e51 -0el7 VB /U INF
=145 079 -0.81 -0+ 81 wB /UL NF ~1¢5 0.59 -0,53 -0 465 WB/UNIF
=057 -0.39 =0+¢39 cp -0e57 -1.08 -0s20 ce
=0.29 0. 07 007 CcPY -0 40 ~-0438 0.03 cPY
44,0 45.2 45,2 THETA 33.1 35.2 36.0 THETA
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TABLE B13.- Continued

R= 8. 00 DELTA= 105 DEG R= 8.00 DELTA= 105 DEG
X/D= 7.9 UINF= 38.1 M/SEC X/70= 20460 UINF= 3845 M/SEC
Z/D= S.82 PHI= 23.0 DEG Z/D= 13.49 PHI= 14.0 DEG
YB/D] 0.0 24 64 Se 44 YB/D] 0.0 6463 10,06
Z8s0 ZB/0
0. 80 1.02 0.89 UB/UTNF 0.93 0.98 0.98 UB /UINF
~-0.0S 027 Q.20 VB /UI NF 0.0 Oel1l 0,04 VB/UINF
1.5 0459 =020 -0.58 wB/UINF 1.5 0.3S -0.38 =033 wB /UNIF
-0e7S =-0.89 -0e14 ce ~0.33 =-0.,09 -0.02 cpP
=080 ~-0.74 0602 CPY ' -0+.34 0. 03 0,05 CPT
368 17.8 351 THETA 20.8 23,0 20e 7 THE TA
0 .8€ 1.08 0.94 UB/ UINF 0.91 1. 02 1.00 UB/UINF
=0.04 0.18 0.13 VB/UINF 0,0 0.08 0,02 VB /UINF
1.0 0.71 =Ce29 =0s60 wB /UINF 1.0 0439 ~0+36 -0.32 WB/UNIF
-0 .89 =0.97 -0.23 cP ~0e 30 «-0s11 -0.03 cP
=0+€5 -Ce69 0.03 CPT -0433 0407 0.08 CPY
40,1 17.2 33.6 THE TA 23.6 20.7 19,3 THETA
056 lel4 0. 94 UB/UINF 0 .96 1,00 1.01 UB/ U INF
=0.+10 Q.12 0.08 VB/UINF ~0.03 0. 06 0.02 VB/ZUINF
0.5 065 ~0.29 063 wB/UINF 05 0e44 =037 033 WB /UNIF
=096 -~0.98 =04 27 cP -0.35 =0el12 =007 cP
~0+60 -0.58 0.02 cPY -0.24 0. 02 0.07 cPY
34.8 15.5 34 .4 THETA 2540 2143 19.8 THETA
0497 1.19 0¢96 UB/UINF 0.96 l. 04 1.00 UB/UINF
~0.0S =0.01 0,03 VB/UINF =007 0.01 001 VB/UINF
0,0 067 ~0+.30 =061 wB /UINF 0.0 0.39 -0.34 -0432 WB/UNIF
=-0.86 ~109 =0.31 cpP -0+34 ~0.24 -0.04 cp
—0.s47 -0.58 -0,01 | CPT =0 +25 -0,04 04,06 CcPT
3540 14.4 32.8 | THETA 23. 4 1844 19.4 THETA
0.87 110 0. 63 UB /UL NF | 0.99 1.00 1.00 uB/U INF
Q<0 =005 ~0.06 VB/UINF =001 -0.02 0.0 VB/UINF
=05 0,70 -0s22 -0¢63 WB/UINF =05 Oebl -0.38 -0.33 WB/UNIF
=061 =095 -0¢29 cp ~030 -0.16 -0.04 CcP
| =0 ¢35 -0.69 0401 cPT ~0el14 -0.01 0.06 CcPT
1 38.8 12,0 34,2 THE TA 2249 21 40 195 THETA
0491 1417 0.98 UB/UINF 0.94 0e¢99 1.01 UB /UINF
~0.09 =0s23 -0e 09 vVB/UINF ~0.03 -0.03 ~0.01 VB/UINF
=140 0463 -0e32 =0e62 WB/UINF =140 0.40 =04 39 =-0,33 WB/UNIF
-0.48 -~0.91 -0+ 34 cp =0+20 ~0,123 =0.06 cP
-0425 -0.39 0,02 ceT ~0es15 0,01 0.08 CPT
35.3 1849 32,2 THETA 23.6 214 1809 THETA
0eS7 1.06 0. 94 UB/UINF 1.03 1,00 1,01 UBZUINF
0,03 -0.34 ~0.16 VBZ7UINF 0.01 =005 ~0e02 VB /UINF
=15 0e47 -0s32 -0+58 wB/UTNF ~1.5 0.33 -0.38 -0.32 WB/UNIF
=0 +44 ~0s63 -0.28 cp -0.30 -0e12 =007 cP
-0.28 -0.27 0402 cPT ~0e13 0.03 0.04 CcPT
2.7 24,2 32.1 THE TA 18.2 20.7 1844 THETA
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TABLE B13,- Concluded

R= TS89 DELTA= 105 DEG
X/D= 1082 UINF= 383 M/SEC
Z/0= 10.47 PHI= 19.0 DEG
YB/D| -6421 ~3.09 0.0 2,95 4,03 6405
y4: 74
0.95 Qe97 1.02 0.97 1e11 0495 UB/UINF
-0.11 ~0.19 -0, 04 0,21 0,15 O.12 vB/UINF
145 =0 +52 ~0e29 0.52 -0.29 ~0.41 =050 WB/UINF
-009 ~0.66 =-0485 -0.69 -0.67 -0+ 20 cP
0.09 ~0e59 -0453 -0.62 -0.,23 =0.03 CPTY
323 23+3 27 o8 20,1 21,7 294 THETA
0497 1,08 0.86 100 1. 05 1. 01 UB/UI NF
-0.07 ~0s10 -0.02 Oel4 0.12 0.08 VB/UINF
1.0 -0e52 -0.30 0. 59 -0e.248 -0.44 -0450 wWB/UINF
-0.14 ~0.73 -0 464 =076 -0,56 -0.23 cP
007 =045 ~0455 -0e67 0424 0.06 cPT
30.6 18.38 34,5 1561 23e5 27.2 THETA
101 1.02 0.83 1.02 1.11 099 UB/UINF
-0,02 -0,02 0,02 0,01 0, 05 0. 04 VB/UINF
0eS =051 0433 0.72 -0e32 —0e43 =053 wB/UINF
~0e23 =070 ~0. 45 —0e71 —0.60 -0,20 cP
0406 -0.54 -0423 ~0e56 ~0.19 0e 06 CPT
28.4 19.1 4049 173 21 5 2847 THETA
1,03 1.07 0.90 lell le11 0., 97 UB/UINF
0e01 0s07 ~0e 04 -0403 -0 404 -0.02 VB/UINF
0,0 =051 -Ce 38 0.€3 =0s 33 -0.47 =04 54 WB/UINF
~0e22 =070 -0 449 =065 -0,62 =-0.20 cP
O0e11 -0 39 ~0.28 ~0+31 -0.17 0.03 cPT
278 19.7 35,6 16. 6 2249 29,1 THETA
0S8 1.12 0. 57 1.06 1,03 0,97 UB/ZUINF
0.+05 O.l1 0603 -0s13 -0.10 =0, 07 VB/UI NF
-0e5 ~0s52 -0e¢34 0.62 —0e¢34 -0451 -0.53 WB/UINF
-0419 -0.68 ~0.40 =06 69 -0.45 ~-0,.20 cpP
0.04 -0.30 ~0 .08 -0e44 -0.11 0.03 CPY
2847 17.1 3245 19.0 2646 2847 THETA
0.98 1,09 1,00 1.07 1.06 0. 95 UB/UINF
0s10 020 0.0 -0e16 ~0e17 -0.10 VBZUINF
=10 =0+51 =033 0.51 =04 34 =0+ 45 - 0e52 wB /UL NF
-0e18 =059 =0 446 =060 -0e47 -0.17 P
0605 ~-0s25 -0 20 -0.30 -0.11 .02 cer
276 17«5 2649 19.5 24 .4 28.6 THETA
0.98 1. 04 0. 63 1. 05 1404 1.00 UB/UINF
Oell 026 0.01 =-0e27 -0421 ~0.11 VB/UI NF
=15 -0.48 -0s33 0+43 ~0.32 -0e42 -0 +49 WB/UINF
-0419 -0.45 =06 2S -~0s46 -0s 42 -0 23 cp
0.01 -0.,19 =020 -0.18 -0.11 0,02 cPT
2603 1G.2 24,9 22,1 24.3 2662 THETA
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(a) Symmetry plane velocity plot locating cross sections of measurement.

Figure B13.- Cross-section velocities for R = 8 and DELTA = 105°,
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TABLE I.- SCOPE OF PRESENT STUDY

Symmetry plane cross sections Extended
Nominal U,r Cross
R|S, deg m/sec Centerline Vortex curve sections
Number@ | MeasurementsP | Number @ | MeasurementsP | Number | MeasurementsP

4 45 42 3 21 5 35 3 84
4 60 42 7 49 7 49 5 154
4 75 42 4 28 5 35 5 105
4 90 42 7 56 8 63 3 84
4 105 42 6 42 6 42 5 119
8 45 38 3 21 3 21 3 63
8 60 38 5 35 7 49 5 126
8 75 21,32,38 7 49 8 56 4 175
8 90 21,32,38 9 70 11 84 3 119
| 8 105 38 6 42 8 56 5 126
Totals « « « « . 57 413 68 490 41 1155

amotal number of cross sections.
brotal number of points at which measurements were made.



TABLE II.- JET CENTERLINE LOCATIONS

RAXE LOCATION JET CENTERLINE RAKE LUCATION JET CENTEKLINE
UINF Xx/D /0 PHIR X/0 /0 ucs PHIC UINF X/0 L/0 PHIR x/0 /v uc/ PHIC
tM/8) (DEG) UINF  (DEG) (M/8) (DEG) UINF  (DEG)

Res 4 , DELTA® 45 DEG
42 7400 3,72 15,0 6,95 3,91 1,67 17, 42 20,00 6,00 S«0 20,01 9,47 1.27 8,7
a1 9.88 4444 940 9,90 4,34 1.48 13,

Re @ , DELTAS 60 DEG

82 2,00 2,50 39,0 2,08 2,89 3,5 35,4 42 6,50 4,88 19,0 6,51 4,84 1,51 17,7
42 4,00 2,50 4040 3,27 3,37 2,04 26,9 #42 10,00 5,69 14,0 10,11 S.23 1,24 13,8
»a2 4,01 3,26 40,0 3,69 3,84 2,28 25,1 *42 20,00 7,50 7.0 20406 6,99 1,17 8,7

a2 8.00 3,67 26,0 3,98 3,72 2,03 24,0

Rs & , DELTA® 75 DEG

18,0 7,53 5,87 1e15 16,1

01 2400 3,82 39,0 2400 342 2,66 34,9 42 7,55 5,88
9,99 6469 1,08 13,5

a2 3,00 4,13 31.0 3,00 4,13 2406 28,0 42 10,00 6,67 13.9

Re & , DELTA® 90 DEG

X a3 040 1,00 87,7 0,13 1,00 4,05 78,0 42 10,00 7,87 14,0 9,9 T.pS 1,06 13,4
X a2 0469 1,68 65,1 0.40 2425 3,75 62,6 44y 10,00 7,47 18,0 9.99 1.5 1,08 13.4
q2 8,00 5,50 24,9 3,93  S,64 1,30 23,6 42 20,00 9,38 7.5 19.%8 9,52 1,03 8,6
° a2 10400 7,47 1440 9,98  7,%7 1011 13,4
Re 4 , DELTA®$0S DEG
a2 2400 6,00 32.0 2415 Se?6 1,35 30,8 He 7.99 8,10 16,0 7.9 8,39 1,10 15,2
a2 4,00 T,06 24,0 3,96 7,15 1,20 22,6 *42 11,00  T,66 13,1 10,60 9,37 1,10 12,7
w32 8,00 6,83 16,0 7.61 8,20 1,14 15,5 42 10,9¢ 9,07 13,1 10.% 9,25 1,08 12.%
Re 8 , DELTA® 45 DEG
37 Ta00  S5.38 27,9  6.86 5,64 3,79 30,5 37 20,00 10,10 15,1 19,89 10,50 1,80 16,5
37 10,00 6,88 23,1 9,92 7.06 2,88 243,98
Re 8 , DELTAS 60 DEG
38 2,50 3,81 53,0 2,48 3,82 5,52 52.8 38 10,00 9,28 24,0 9,91 9,43 2,02 24,9
37 4,00 5,83 33,0 5,95 5,49 4,17 41,6 38 20,00 13,09 15,0 20.04 12,93 1,37 16,58
37 To00 7,73 33,0 6,95 T.81 2,82 30,5
Re 8 , DELTA® TS5 D€G
36 2,30 5,26  S9,0 1,97 S.,28 4,74 S4,2 "3y 10,00 $1,90 27,0 10,06 (1479 1,50 24,1
38 8,00 7,75 35,0 3,95 7,80 2,75 39,5 37 10,00 11,90 27,0 10,05 11,81 1,48 24,1
21 10,00 11,90 27,0 9,83 12,23 1,87 24,4 *37 20,00 15,50 18,0 19,96 15,65 1,15 16,3
w2l 10,00 11,90 27,0 9,99 1t.92 1,53 24,2
Ra 8 , DELTA® 90 DEG
X 21 0.0 1.00 87,7 0403 1,00 8,08 85,9 w21 9,50 14,01 25,0 9,84 13,70 1,19 24,0
X 21 0460 2459 6646 0,18 2477 7,90 78,1 +21 9,50 14,01 25,0 9,80 13,36 1,27 23,
X 21 0,76 3,60 ST,1 0438 3,76 6,60 12,9 w3y 9,50 14,01 25,0 9,78 13,41 1,21 23,8
38 3,00 10431 40,9 4415 10413 3,70 36,3 38 9,50 14,01 25,0 9,63 13,73 1,20 24,0
o 21 9,50 14,01 25,0 9,70 13,58 1,20 23,9
Re 8 , DELTA®105 DEG
38 3,00 12,00 43,1 3,18 11,85 1,23 36,9 "38 8,00 15,66 26,0 8.38 14,68 1.12 28,5
37 8,50 12,88 38,0 4,48 12,87 1,18 32,3 38 11,00 15,05 22,0 9,86 17.88 1,09 22,6
«38 8,00 13,78 26,0 7415 1552 1,09 26,8 *38 10,98 15,78 22,0 10,77 16,30 1.02 21.7

*Not used to determine coefficients in jet centerline equation.
*Cold jet, TJ/TINF = 0.9. Not used in jet centerline equation.
‘Hot jet, TJI/TINF = 1.2. Not used in jet centerline equation.
XSpecial case for measurement near the jet orifice.
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UINF
(M/83)

42
LLT]
a1

4
LT

a2

(3}
42

43
42

42

42
42
42

38
3?

37
38
38
w2l

38

38
33

RAKE LOCATION

X/0D /0
3

7.00 2,00
7.00 2,00
9.83 2,63
200 2,20
2,00 2,20
4,00 2,08
6,00 2,88
2.00 2,11
3.00 2,19
T.56 3,39
0,0 1,00
0,59 1,87
4,00 3,01
10,00 3,45
2,00 2,50
a4.00 3,13
3,00 3.9
T.00 3,61
10.00 4,73
2400 1.97
2,00 1,97
4,00 3.46
T.00 5,17
2,00 3,88
4,00 4,94
4,00 4,94
10.00 8,20
0,0 1.00
0,8% 2,60
1.24 3,60
4,00 6,56
9.50 9,70
9.50 9,70
3.00 7,50
4,00 7,94
8.00 9.20
8,03 9.82

*Not used to determine coefficients in vortex-curve
TJ/TINF =
TI/TINF =

*cold jet,
+Hot jet,

PHIR
DEG)

1140
11,0
9.0

30,0
30,0
19.0
13,0

28,0
22,9
14,0

87,8
35,6
18,1
11,1

19,0
14,0
12,0

41,0
41,0
37,0
2940

51,40
42,8
39,1
19,14

87 .8
66,7
57,0
35,0
22,4
2244

33.0
28,0
23,0
23,0

X/0

6.88
6,87
9,73

2035
2439
3.92
S5.96

2.12
2490
7445

2,14
4403
7,98

6,75
9,78

1,84
1,88
3,40
6,78

2430
3,80
3,79
9,86

0,72
0,088
1.31
3,98
9,95
9,61

3,05
4,13
7,70
7,92

TABLE III.- VORTEX-CURVE LOCATIONS

YORTEX CURVE

Z/0 370
2ebé 6,93
2465 6,92
3,23 9,8%
1.59 2,33
1,59 2,34
2+31 4,08
3,05 617
1,88 2428
2442 3419
S84 7.91
1,00 0,0
135 0.0
2496 4,58
4,32 10,76
2,09 2,96
3,08 5,00
84180 9,09
4416 T.46
5:31 10,75
2419 2,47
2,15 2,17
4,25 4,75
5,56 8,17
3464 3,451
S5e15 5,51
5420 5,49
8461 12,48
0,97 0,0
2,59 0,0
3.54 0,0
6,59 7,00
9,858 13,36

Tea2 7,79
7469 9,16
9.90 13,31
10,07 13,55

0.9.
1.2,

RAKE LOCATION

PHIV UINF x/0 /70 PHIR x/0 v
(DEG) (M/8) (DEG)

Re 4 , DELTA= 4% DEG

13,8 %42 20,00 3,80 5,0 19495 4,35
13,8 42 20,00 4,30 5,0 19,99 4,39
11,3

R 4 , DELTA® 60 DEG

25.2 42 10,00 3,38 10,0 9,88 4,09
25,2 %42 10,00 3,88 10,0 9,98 4,01
19,1 42 19,88 4,75 7.0 19,75  S.47
15,3

Rw & , DELTAR 75 DEG

27,6 42 10,00 4,00 8,9 9,94 4,40
23,1 42 20,00 5,45 8.0 19,97 S.68
13,7

Rs 4 , DELTA® 90 OEG

0,0 42 10,00 4,45 11,1 10,00 4,49

0,0 442 10,00 4,85 11,1 10,00 4,43
19,3 a2 19,78 4,75 7.5 19,71 5,28
11,7 w32 19,88 7,00 7.5 20,31 3,78

Rs 4 , DELTA®10S DEG
27,3 %42 10,785 4,55 10,0 10,75 4,%6
19,2 42 10,73 8,55 10,0 10477 4,43
13,2 42 20,38 3,97 7.0 20,41 5,38

Rs 8 , DELTA® a5 DES

24,9 38 §9,99 7,37 15,1 19,87 7,82
21,4

Re 8 , DELTA® 60 DEG

24,9 »38 9,93 6,50 24,0 9.76 6,87
34,9 38 10,00 6,50 23,0 9,81 6,9
33,6 38 19,98 9,66 18,0 19,95 9,75
27,0

Rs 8 , DELTA® 75 DEG

45,8 w31 10,00 8,20 19,1 9,87 8,57
37,0 *31 10,00 8,20 19,1 9,88 B.54
37,1 38 10,00 8,20 19,1 9.88  B.5%
23,4 37 20,00 11,50 17,0 19,98 11,57

Re 8 , DELTA® 90 DEG

0.0 L2 9¢50 9,70 22,4 9,95 9,57

0,0 23] 9,50 9,70 22,8 9,60 9,45

0,0 37 9,50 9,72 22,8 9,54 9,68
37.1 438 20,01 14,00 15,7 20,51 12.92
24,0 38 20,02 11,75 15,7 19,88 12,24
23,9

Re 8 , DELTA®10S DEG

40,8 *38 10,69 10,47 19,0 10,60 10474
35,7 %38 10,69 10,8/ 19,0 10,92 10,96
26,5 38 10,75 10,47 19,0 10,67 10.71
26,1 38 20,50 13,49 14,0 20,48 13,58

equation.

Not used in vortex-curve equation.

Not used in vortex-curve equation.

Xgpecial case for measurement near the jet orifice.

VURTEX CURVE

$/0

20,22
20,26

10,20
10.29
20.2%

10,47
20,64

10,73
10,74
20,56
20,90

11,94
11,96
21.73

21.36

11.45
11,51
22,22

12,46
12,47
12.47
23,16

15,37
13.40
13,34
24,64
26,23

16,49
16,41
16,49
26,93

PHIV
(WEG)

~~
.o
o0 0

-
0 -
“ne
oo

15,8

22,8
22,7
15.9

23,3
23,3
23,3
16,1

24,0
e3,9
24,0
16,1
16,3

22,5
22,6
22,5
15.9

( g{‘*;ﬁ .
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TABLE IV.- PARAMETER VALUES FOR JET CENTERLINE AND VORTEX-CURVE EQUATIONS

Qﬁ\ﬁn

Investigation a b c 4 245/D 29/D o/D
(R = 4) (R = 8)
1. Reference 20:2
Centerline, equation (2) 0.975 | 0.909 | 0.339 | —=-=- —— ——— 0.19
Vortex curve, equation (2) .352 1.122 .429 —_—— — —_—— .26
2. Present study:b
" Centerline (without jet core) -
R =4 and 8 0.866 0.858 | 0.438 | ———~ -—— —_—— 0.62
R =4 .866 .924 2393 | ———- ———— ——— .42
R=28 .866 .845 . 451 —-—— —— ———- .66
Vortex curve -
R =4 and 8 .3 1.153 444 | ———~ —— —_—— .44
R =4 L3N 1.114 .466 | —~—= -—— ——— .38
R=28 .31 1.158 .439 | ———-~ —_—— —— .49
3. Present study:P
Centerline (with jet core) -
R =4 and 8 1.482 | 0.520 | 0.395 | 8.09 0.13 2.52 0.36
R =4 1,482 .521 .353 | ——=- .59 —— .35
R=28 1.482 .527 405 | ~-—e —_— 2.17 .28

4yalues obtained at R
byalues obtained at §

459, 60°, 75°, 90°, and 105°.

3, 4, 5, 6, 8, and 10 and at &§ = 900°,



Vortex curve

Figure

Sketch of the jet plume.
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1,-75-2984

Figure 2.- Experimental arrangement in V/STOL tunnel for jet in cross-flow experiment.
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Figure 4.- Exit plane boundary-layer profiles.
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Figure 4.- Concluded.
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Figure 5.- Jet centerline and vortex curve with associated coordinate systems.
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Figure 7.- Symmetry plane velocities (near-jet region).
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(a) Effective velocity ratio of 4.

Figure 9.- Jet centerlines and vortex curves.
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Figure 9.- Continued.
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Figure 9.- Continued.
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